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INTRODtJCTO&Y STATEIOBIIT. 

This number of the inventories contains some material of rather 
unusual interest. It lists part of the collections made by Mr. Frank 
N. Meyer during his late expedition into Chinese Turkestan, covering 
particularly the material secured by him from the noted Russian 
plant breeder, Mr. I. V. Mijurin. It also contains notes regarding 
some promising forage grasses collected by Mr. C. V. Piper, Agrostolo- 
gtst in Charge of the Office of Forage-Crop Investigations, during his 
preliminary exploration of India in search of forage grasses particu- 
larly adapted to our Southern States, and it also describes a num- 
ber of Spanish fruit varieties that Mr. Walter T. Swingle, of the 
Office of Crop Physiology and Breeding Investigations, discovered 
during his recent trip to Spain, which was made by him in company 
with Dr. L. Trabut, the veteran plant breeder and horticulturist of 
Algeria. 

In the spring of 1903 Mr. G. Onderdonk, one of the veteran nursery- 
men of southern Texas, made a trip into Mexico for the purpose of 
securing varieties of Mexican peaches and apricots which he knew 
existed in the mountainous regions of the central provinces. A 
collection of these fruits which he made was planted at San Antonio, 
Tex., and Nos. 32372 to 32380 of this present inventory are selected 
seedlings from the trees grown as a result of this expedition. They 
are said to be late-ripening sorts, resembling somewhat the Honey 
peach, but are later in ripening. These may prove of unusuid value 
for the southern peach belt. 

Of Mr. Meyer's collection the seeds and plants most worthy of 
notice are as follows: No. 32389, seeds of Medicago falcaia, which in 
Mr. Meyer's opinion (and in this he agrees with Prof. N. E. Hansen) 
is likely to prove of especial value in those situations where the crowns 
of the plants are damaged by close grazing and by the hoofs of ani- 
mals; No. 32408 is a variety of Medicago sativa selected by Mr. 
Bogdan at Krassny Koot, one of the best of his hybrids; No. 32416, 
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6 8BED6 AND PLANTS IMPOBTED. 

the noted Sarepta mustard, which should be called to the attention 
of mustard growers in this country because of its unusual strength 
when grown on rich soil in a hot, dry climate; No. 32417, a wild 
apple from near Sarepta, of possible value as a drought-resistant 
shrub or medium-sized tree for breeding purposes or for cultivation 
in the arid Southwest; No. 32424, a hybrid plum (PruntLs spinosa X 
Prunus domestica), one of Mr. Mijurin's hybrids; No. 32662, a cross 
between Amygdalus davidiana and Amygdalus nana, two very hardy 
types hybridized by Mr. Mijurin and producing a very floriferous, 
ornamental, hardy form; Nos. 32664 and 32665, two varieties of 
Prunus fruticosa by the same hybridizer; No. 32667, a golden currant 
by the same breeder from the region of Kozlov, noted for its severe 
winter climate; No. 32668, a hybrid rose of exceptional hardiness, 
representing Rosa spinosissima and Rosa rugosa, by the same hybrid- 
izer; Nos. 32669 to 32673, five hybrid plums suited particularly 
for the colder sections of the country, being hybrids of Prunus 
spinosa and Prunus domestica] No. 32674, a remarkable cherry, 
a variety of Prunus aviurrij originated by Mr. Mijurin and named 
*' Queen of the North," which is considered by Russian horticulturists 
to be a decided acquisition to hardy fruit trees, growing as it does 
where other cherries do very poorly; Nos. 32675 and 32676, two of 
Mr. Mijurin's quinces, which are presumably withstanding a winter 
temperature of —35° C. (—31° F.) and have succeeded at Kozlov 
when other varieties have been killed; Nos. 32757 and 32758, two 
forms of an east Siberian wild plum {Prunus ussuriensis) from 
Souchodole, Russia, the fruits of one of which are said to improve 
in flavor by being frozen; No. 32762, Rihes procumbens, from the Altai 
Mountains, a species of large-fruited currant which Mr. Meyer recom- 
mends for trial in Alaska; No. 32763, Clematis tangutica, a yellow- 
flowered climbing clematis which Mr. Mijurin reports having received 
from Tibet; No. 32764, a remarkable, new yellow lily, the bulbs of 
which are reported to weigh as much as 6 pounds apiece, another of 
Mr.Mijurin's originations; No. 32829, Vhnusdensa, an ornamental elm 
capable of standing great heat and a considerable amount of alkali, 
collected by Mr. Meyer in the oasis of Merv, Russian Turkestan; 
No. 32831, another species of elm which will probably make a good 
shade and avenue tree in Texas, Arizona, and New Mexico; Nos. 
32832 to 32836, five varieties of apricot from the oasis of Merv; 
No. 33077, seeds of Larix sibiricay from the Altai Mountains, one of 
the most rapid-growing conifers, capable of withstand'mg our north- 
ern climate; No. 33078, a Siberian spruce (Picea obovata); and No. 
33079, seeds of the Siberian pine {Pinus cembra), 

Mr. Piper's collections in India include the following interesting 
possibilities: No. 32430, RytUix granularis, an annual grass after the 
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INTRODUCTORY STATEMENT. 7 

character of the crab-grass and of possible value for the same purposes, 
from Kirki, India; No. 32436, Heylandia laiebrosa, from Eirki, a 
prostrate legume abundant in the Dekkan and said to be a good 
forage species; No. 32440, Andropogon caricosus, one of the hay- 
producing grasses of central India, considered as excellent forage, 
from Kirki, India; Nos. 32443 to 32448, 6 species of forage grasses 
from the Nilgiri Hills (which have a climate similar to that of the 
coastal region of California), among them bemg included the most 
nutritious grasses for hay and pasture known in southern India; Nos. 
32491 to 32598, 108 varieties of soy beans from different parts of India; 
Nos. 32450 and 32453, 2 species of Indian raspberries from the Nilgiri 
Hills, considered by Mr. Piper as promising for the Southern States; 
Nos. 32777 and 32778, 2 subspecies of Cracca villosa that are being 
tested in Java as green-manure crops; Nos. 32431 and 32782, Indi- 
gofera linifolia, from India, where it is considered one of the very 
best native pasture legumes, promising for southern California; Nos. 
32799 and 32800, two species of wild persimmons from Seharunpur 
for the persinunon breeders of the Southern States; No. 32808, a 
new shade tree, Gmelina arboreal grown in the upper Ganges Valley 
and likely to succeed well in southern California; No. 32454, seeds 
from an unusually good cherimoya, produced by trees descended from 
the original introduction of this fruit made by Markham into India 
from Peru; and No. 32429, one of the best pasture grasses in India, 
Brcuihiaria erudformis, which forms dense masses of fine stems and 
appears to be a good seeder. 

Dr. Gustav Eisen, of the California Academy of Sciences, during his 
work for the academy in Spain, called attention to a number of varie- 
ties of fruits which have been secured through the British vice consul 
at Granada. These should recommend themselves especially to Cali- 
fomians as being selected by one familiar with California conditions. 
Dr. Eisen's studies have convinced him that some of the most valu- 
able CaHfomia fruit varieties, such as the mission fig, came from the 
r^on of Granada and were introduced into California in the early 
days by the Spanish padres. Among the fruit varieties which he 
believes are new to California are the Isabella fig (No. 32878), one of 
the best varieties he has ever tasted; No. 32879, the Jeresiana table 
grape, which resembles the Verdal but is sweeter and an excellent 
shipper; the Cuatro Hermanos oUve from Canales (No. 32880), which 
comes from an altitude of 6,000 feet where heavy frosts and snows 
occur and which may prove an excellent variety for cultivation on 
the northern limits of olive culture; and No. 32883, the San Martin 
autunm melon, related to the Casaba but considered superior in 
quality. 
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8 SEEDS AND PLANTS IMPORTED. 

From our correspondents in various parts of the world, particularly 
from American diplomatic officials and consuls abroad, who have 
shown an unusual interest in this work, a number of promising 
plants have been secured: No. 33184, seeds of a remarkable cherimoya 
weighing 2 pounds 6 ounces, from a tree owned by Mr. Charles F. 
O'Brien, of Los Angeles, Cal., and probably one of the best varieties 
now in the United States; Nos. 32470 to 32477, a collection of fig and 
grape varieties from the island of Chios, off the coast of Greece, by 
Mr. Pantehdes; No. 32480, the Manila maguey, or cantala, from the 
Philippine Islands, an agave suited for rich, loamy soils containing 
little lime and for a climate with heavy rainfall, such as is to be found 
in the island of Porto Rico; No. 32692, a Mexican species of avocado 
(Persea mexicana) from the province of Vera Cruz, through Consul 
William W. Canada; No. 32705, another of the hard-shelled edible- 
fruited species of Strychnos from Inhamban, Portuguese East Africa; 
No. 32706, Abies numidica, from the Department of Constantino, 
Algeria, a spruce which grows to 76 feet in height, occurring at 
5,000 to 7,000 feet altitude, sent us by the veteran French botanist, 
Dr. L. Trabut; Nos. 32713 to 32725, 13 varieties of dates from 
Egypt; Nos. 32845 to 32859, 15 varieties of dates from the 
various oases of the Sahara, selected by Dr. Trabut; No. 32730, 
Nitraria schoberi, a remarkably alkali-resistant plant from Australia 
which, according to Dr. J. H. Maiden, bears edible cherrylike fruits; 
No. 32751, a new variety of prune from Thun, Bern, Switzerland, 
for trial in the Oregon prune area; No. 32892, a fodder sedge {Carex 
pJiy8odes)y collected by Mr. W. W. Mackie in the loose sands of the 
Peshy Kara Kum Desert, where only 4 inches of rain fall; Nos. 32924 
to 32929, six species closely related to the cajuput tree of Australia, 
remarkable because of its ability to grow rapidly on the coast of 
Florida along the very edge of the salt water; Nos. 33031 to 33047 
and 33155 to 33160, a collection of Cotoneaster, remarkable door- 
yard shrubs, with attractive red berries in winter and dark-green 
fohage in summer, which are especially suited as front and back yard 
shrubs wherever hardy; No. 33093, a broad-leaved evergreen tree 
from Java, Dammara albaj a close relative of the kauri pine of New 
Zealand, which ought to be peculiarly suited as an avenue tree in 
Porto Rico, Hawaii, and possibly in Florida; Nos. 33111 to 33118, 
eight varieties of edible grapes from the western slopes of Mount 
Lebanon; No. 33166, Juglans pyriformis, a walnut said to be native 
on the slopes of Mount Orizaba, in southern Mexico; Nos. 33205 to 
33234, a remarkable collection of Spanish fruit and ornamental trees 
from the nurseries of Pedro Giraud, of Granada, which were selected 
by Mr. Swingle during his recent explorations in Spain and which 
include the azarol (No. 33205), a large-fruited Crataegus with a deli- 
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IKTBODUCTOBY STATEMENT. 9 

cious flavor resembling that of the loquat, the Chopo (No. 33206), a 
striking^ rapidly growing species of poplar almost completely devoid 
of lateral branches and therefore suited for close planting and for 
pole production, a shipping pear (No. 33209), of good quality, called 
''Pent de Aragon," a delicious winter apple (No. 33210) called 
' Pero Blanco de Ronda," which ripens in January, and an especially 
hardy almond (No. 33218), which has flowers that hang down and are 
thus protected from frost injury and in tlus way insure its fertility 
when other varieties lose their crops; Nos. 32708 to 32712 and 33250 
to 33255, 11 named varieties of udo from Yokohama, Kyoto, and 
Tokyo, including early, midsummer, and late varieties, for com- 
))ari3on with the seedling sorts now being experimented with in 
America; No. 33256, an elephant grass of India, Typha elephantina^ 
a species related to our cat- tail flag but having leaves 13 feet long; 
the yam bean of Jamaica {Cacara erosa, No. 33258), which, according 
to the introducer, ought to supersede the arrowroot in cultivation, 
being a much larger yielder, and the young pods of which are recom- 
mended as ''string beans," having absolutely no fiber and being 
excellent when cooked; No. 33263, a cucumberlike vine from the 
Director of Agriculture of Zanzibar, bearing fruits weighing 60 
pounds, from the seeds of which a culinary oQ is expressed by the 
natives; and No. 33277, seeds of the best strains of winter melons of 
Valencia, which are famous in Spain, 15,000 tons being exported 
annually. 

A special publication is in process of preparation covering the 
Egyptian expedition of Mr. Aaron Aaronsohn, which was made in 
search of the Wahi date and which resulted in the introduction of 
date suckers of 13 promising varieties (Nos. 32713 to 32725). 

As heretofore, the manuscript for this inventory has been prepared 
by Miss Mary A. Austin, the botanical determinations have been 
made, the notes on geographic distribution compiled, and the notes 
on nomenclature prepared by Mr. H. C. Skeels, under the supervision 
of Mr. Frederick V, Coville, of the Office of Taxonomic and Range 
Investigations, while Mr. S. C. Stuntz has had general supervision 
of this inventory, as of all the publications of the Office of Foreign 
Seed and Plant Introduction. 

David Fairchild, 
AgricuUural Explorer in Charge. 

Office of Foreign Seed and Plant Inteoduction. 

Washington, D. C, August 29, 1912. 
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32369. Phttelephas sp. Ivory-nut palm. 

From an island near the west coast of Panama (?). Presented by Mr. M. B. 
Shantz, Rochester, N. Y. Received January 2, 1912. 

''The button industry uses a laiige amount of vegetable ivory. This is the fruit of a 
species of palm growing wild in South America, principally in the republics of Ecuador 
and Colombia. The manufacturers of this city alone use of this material about 15 tons a 
week, and the question has often arisen as to whether the palm could not be cultivated 
successfully in Florida or some of the other Southern States." (Shantz.) 

The plants grown from these seeds will be tested for their suitability to conditions 
in southern Florida and southern California. 

32370. Capsicum annuum L. Bed pepper. 

From Barcelona, Spain. Presented by Mr. Henry H. Morgan, American consul 
general. Received January 3, 1912. 

' * Pxmiento Marr&n . ' ' See No . 30084 for previous in trod uction . 

32371. Sapindus sp. Soapberry. 

From Brazil. Presented by Mr. Omar E. Mueller, American vice consul, Bahia. 
Received January 3, 1912. 

"These berries have the property of making a lather with water upon being crushed 
in the hands and are used in the interior in the place of soap. They are the fruit of a 
tree known here as Sahoneta, which is indigenous to the dry, arid country of Brazil." 
(MueUer.) 

32372 to 32380. Amtqdalus persica L. Peach. 

From San Antonio, Tex. Grown by Mr. S. H. Hastings, superintendent, San 
Antonio Experiment Farm. Numbered January 2, 1912. 

Mexican seedling peach trees as follows; quoted notes by Mr. Hastings. These were 
grown from seeds procured by Mr. G. Ondordonk, of Nursery, Tex., while on an 
exploration trip for the Department of Agriculture in Mexico in 1902-3. 

32372. "(No. C 31.) The fruit of this tree closely resembles the Honey 
peach, which is the best for this section of the South China varieties. In 
the season of 1910 this tree had much more fruit than the Honey peach, the 
fruit was more uniform in size, and had a more uniform ripening period. The 
fruit ripens about the 20th of June, and about a week later than the Honey 
peach. The tree is a vigorous grower, and Mr. G. Onderdonk recommends it 
as worthy of propagation." 

32373. "(No. E 10.) The fruit of this tree resembles the Honey peach in 
shape and flavor and is a freestone. The ripening period is about August 18 
to 20, or nearly two months later than the Honey variety. Its late-ripening 
period puts it in the valuable class, although the fruit is not better than the 
fruit of the Honey peach.'' 
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12 SEEDS AND PLANTS IMPORTED. 

32372 to 32380— Continued. 

32374. ''(No. 1 16.) The fruit of this tree is a large, yellow ding, and has a 
pleasant, subacid flavor. Ripens about September 3. This peach would be 
a good shipper. Purely Spanish . ' ' 

32376. "(No. G 32.) Fruit ripens about August 23 and is a laige, light- 
colored cling. Col. G. B. Brackett considers this peach of good quality and 
worthy of further trial." 

32376. "(No. E 24.) The fruit of this tree ripens about September 1 to 3 
and is a freestone. Mr. 6. Onderdonk thinks this peach has some South 
China blood. It has a subacid flavor. Col. G. B. Brackett considers this 
tree promising." 

32377. "(No. H 21.) The fruit ripens about September 7 and is a large 
greenish cling; quality good. Col. G. B. Brackett thinks it is only suitable 
for canning." 

32378. "(No. H 27.) A medium to laige yellow cling, probably purely 
Spanish. Fruit of medium to good quality, slightly subacid. Ripens about 
September 15." 

32379. " (No. A 16.) Distinctly a South China peach, resembling the Honey 
peach in all respects, except that it ripens about a month later. Ripening 
period about July 25." 

32380. "(No. D 9.) The fruit of this tree resembles the fruit of the South 
China type and from indications appears to be a cross between the Spanish 
and the South China types. It is a freestone and the flavor is good. Ripens 
about August 10." 

32381. LucuMA sp. 

From Mexico. Presented by Mr. Clarence A. Miller, American consul, Tampico. 
Received January 5, 1912. 

**Zapota Manti. This fruit is said to be edible, but not especially palatable. Al- 
though the supply is not large this fruit sells in the market at the comparatively low 
price of 5 cents Mexican each. " (MilUr.) 

32382. Bromelia pinguin L. Pinguin. 

From Tampico, Mexico. Presented by Mr. Clarence A. Miller, American consul. 
Received January 5, 1912. 

"Wild pineapple, or Huapillo. This plant is very prolific in this section. In 
many places it covers thousands of acres, making a thick jungle. The plant propagates 
from the seed and by starting suckers from the root or trunk. It flourishes in the 
lowlands or in the highlands. The plant is drowned out or destroyed if the land is 
flooded for a number of days. 

"The leaves contain a fine quality of fiber. The fruit is used by the natives as a 
vermifuge. The plant itself is said to contain valuable chemical properties. 

"These specimens were obtained from Mr. Alexander Smith, of Tampico. " ( MiUer.) 

Distribution. — In Panama and the West Indies, and from Colombia to Guiana in the 
northern part of South America. 

32385. Manihot sp. ICanigoba rubber. 

From Brazil, South America. Purchased from Charles W. Jacob & Allison, New 

York, N. Y. Received January 6, 1912. 
282 



JANUARY 1 TO MABCH 31, 1912. 13 

32386. PiNUS TEOGOTE Cham, and Schlecht. Okote pine. 

From Mexico. Presented by Dr. C. A. Purpua, Zacuapam, Huatusco, Vera Cruz, 
Mexico. Received January 2, 1912. 

"From Eflperanza, Puebla. 2,700 to 2,800 meters [8,850 to 9,180 feet] altitude. " 

Distribution. — ^Mexico; from San Luis Potosi, where it rises to an elevation of 8,000 
feet, southward to the region of Orizaba. 

38387 to 3S388. 

From Siberia. Received through Mr. Frank N. Meyer, agricultural explorer, 
Bureau of Plant Industry. Received January 6, 1911. 
Seeds of the following: 

Sdd87. Festuca sp. Fescue. 

From Omsk, Siberia. 

"(No. 1629a, July 19, 1911.) A grass said to be native to the steppe country 
of western Siberia; much grown for hay. Possesses the desirable quality of 
not sprouting when once plowed under, in case the land is needed for wheat 
culture. To be tested in the semiarid northwestern sections of the United 
States." (Meyer.) 

32388. Triticum durum Desf. Wheat. 
From Chistunka, southwestern Siberia. 

"(No. 1630a, September 9, 1911.) A hard-kemeled summer wheat, called 
Bjela-turhay meaning White Turkish. It is much grown throughout western 
Siberia on account of its resistance to drought and its early-ripening qualities. 

"Winter wheats can not be grown successfully in western Siberia, as the 
winters are too cold and often have very little snow, so at present all wheats 
raised are summer wheats. " ( Meyer . ) 

32389. Medicaoo falcata L. 

From western Siberia. 

" (No. 1634a, July 18 and Octx>ber 4, 1911.) The tkolteel, as this wild alfalk 
is generally called in western Siberia, occurs over the greater part of Eurasia, 
being foimd in the Himalayas as low down as the thirtieth degree of latitude, 
near Yakutsk, and in Norway between the sixtieth and seventieth parallels. 
There is a very great amount of variation to be observed in the wild plant; 
some forms grow up to from 5 to 6 feet and may be fairly erect, while others 
reach a height of a few inches only and are often prostrate in habit. The 
more prostrate forms lend themselves excellently for naturalization purposes 
on dry pasture grounds, while the erect varieties may be cultivated for forage 
purposes in sections of the United States where the ordinary alfalfa gets winter 
killed. The present habits of this sholteeh indicate that possibly a great amount 
of selection and breeding may have to be done before ideal types will have been 
evolved, but the many excellent qualities this plant possesses, viz, the eagerness 
with which all sorts of domestic animals devour it, its apparently great nutritive 
capacities, especially for milk cows, its remarkable resistance to drought, 
to close grazing, and to adverse conditions in general, all seem to make it well 
worth while to spend some extra efforts on improvement. The roots of this 
sholteek also possess the capacity of producing new plants whenever cut off or 
when exposed to the air on account of the soil having been washed away. This 
characteristic is of great value in pasture grounds, where the crowns are easily 
damaged by the close grazing and by the hoofs of the animals trampling over 
them. The soil best suited to this Medicago seems to be a blackish, well-drained 
882 



14 SEEDS AND PLANTS IMPORTED. 

82887 to 82889— Continued. 

earth, but one alBo finds that it grows luxuriantly in pebbly banks and in dry 
cliffs composed of sandy loam. This seed should be tested especially for natu- 
ralization purposes in pasture grounds in the semiarid belt of northwestern 
United States . " ( Meyer . ) 



32390. Rhus lancea L. f. 

From Pretoria, Union of South Africa. Presented by Mr. J. Burtt Davy, Govern- 
ment agrostologist and botanist. Department of Agriculture. Received January 
3, 1912.' 

"The karree-boom of the southwestern Transvaal and adjacent Bechuanaland. 
It is a valuable hardwood tree for regions of limited rainfall (10 to 15 inches in 
summer). The fruits are edible. The tree can be grown from poles, as in the case 

of willows. " (Davy.) 

Disiribulion. — Found in the Uitenhage and Albany districts of Cape Colony. 

32391. Vaccinium vitis-idaea L. Cowberry. 

From Norrland, Sweden. Presented by Dr. V. Wittrock, director, Botanic Gar- 
dens, Albano, Stockholm, Sweden. Received January 6, 1912. 

oeeciB. 

82392 to 32396. 

From Salisbury, Rhodesia. Presented by Mr. H. Godfrey Mundy, agriculturist 
and botanist, Department of Agriculture. Received January 6, 1912. 

Seeds of the following; quoted notes by Mr. Mundy: 

32392. CrrauLLUS vulgabis Schrad. Watermelon. 
' * Kafir melon . Marjorta . " 

This seed shows great variation. 

32393. Lagbnaria vulgaris Ser. Oalabash. 
"Laii^e bottle." 

32394. Uapaca bansibarica Pax. Mahobohobo. 
"Tree having edible fruit and good light tmiber. " 

82396. Parinari mobola Oliver. Mola. 

" M'hateha tree. Edible fruit, and timber of some value.'* 

Distribution. — ^The Batoka Highlands, Angola, and the Mozambique district 
of southern tropical Africa. 

32396. WiDDRiNOTONiA WHYTEi Rendle. Mlanje cypress. 

"The only conifer indigenous to Melsetter district, southern Rhodesia. The 
tree occurs on the eastern escarpment at an elevation of 6,000 to 7,000 feet. " 

For description see No. 28690. 

32397 to 32398. Citrus decumana (L.) Murr. Pomelo. 

From China. Pre^nted by Mr. John M. Nixon, New York, N. Y. Received 
January 9, 1912. 
"These pomelo seeds were sent me by a missionary and are of the white and pink 
variety of the celebrated Amoy product. The fruit is about the size and shape of our 
shaddock but without its dr^^ness and bitter taste. '' (Nixon,) 

32397. White variety. 

32398. Pink variety. 
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S2S90. Chabtochloa oostata (Roxb.) Skeels. 

(Panieum oostatum Rozbuigh 1832, Flora Indica, vol. 1, p. 312.) 

The seeds of this grass received from India were identified as Panieum oostatum 
Roxburgh, but as it is more closely related to the type of the genus Ghaetochloa it is 
here placed in that genus. 

CkaUodiloa costata was described by Roxburgh from cultivated plants received from 
Mauritius, where it is common in fields and woods. It is also generally introduced 
throughout the Tropics of both hemispheres. 

Pram Sibpur, near Calcutta, India. Presented by Maj. A. T. Gage, superintendent, 
Royal Botanic Grarden. Received January 9« 1912. 

3S400. Persea AMERICANA Miller. Avocado. 

From Orange, Cal. Presented by Mr. C. P. Taft. Received January 10, 1912. 

** Fruit absolutely seedless but very small, 3 to 5 inches in length and } to 1 inch in 
diameter. Of possible use in breeding experiments. (Peter B\$9et,) 

82401 to 32403. 

From Central America. Presented by Prof. A. S. Hitchcock, of the Bureau of 
Plant Industry. Received January 12, 1912. 

Seeds of the following; quoted notes by Prof. Hitchcock: 

32401. Salvia sp. 

**Chidn. — Obtained on the market at Pimta Arenas, Costa Rica. It is used 
there in the preparation of a refreshing drink. It was purchased at a drug store 
by an American physician and by him given to me. I was unable to ascertain 
the source of the supply, but apparently it is a product of the country. " 

32402. Chrtsobalanus icaco L. loaco. 

"From San Salvador, Salvador. A common fruit sold in the markets and by 
street venders. Various colors, especially a yellow and a purple variety. " 

"Shrub 2 meters [6) feet] high, found on dry beaches; known as * Cocoa-plum.* 
Fruits about the size of a plum, used for preserves. '* (Cook and Collins, Eco- 
nomic Plants of Porto Rico, p. 114.) 

Distribution. — ^From Acapulco in southern Mexico southeastward through 
Central America and tropical America, in the West Indies, and in western 
tropical Africa. 

32403. Passiflora ligularis Jusb. Passion fruit. 

"From Santa Ana, Salvador. Commonly sold on the streets. The leathery 
covering is broken and the seeds with the containing pulp are sucked out. " 

33404. SoLANUM NIGRUM L. Nightshade. 

From Kew, England. Procured from the Herbaceous Botanical Garden at Kew, 
by Prof. William R. Lazenby, Ohio State University, Columbus, Ohio. Re- 
ceived August 31, 1911. Numbered January 13, 1912. 

"Plant very dwarf; spreading in habif (Lazenby.) 

82406 to 32424. 

From Russia. Received through Mr. Frank N. Meyer, agricultural explorer, 
Bureau of Plant Industry, January 11 and 12, 1912. 

Seeds of the following; quoted notes by Mr. Meyer: 
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32405 to 32424— Continued. 

32406. Triticum abstivum L. Wheat. 

From Kraasny Koot, Samara Government, RuniA. 

"(No. 1707a, November 20, 1911.) Variety graecum, A variety of aoft 
summer wheat, called Kkivinskaiaj coming originally from dry and hot Khiva, 
Russian Turkestan. This grain at Krassny Koot, however, was received from a 
firm in Germany named Dreifus. This wheat produces a flour especially 
suitable for biscuit making and may be found valuable in America for this 
purpose." (Meyer.) 

32406. AoROPYRON cristatum (L.) Beauv. 

From near Sarepta, Saratov Government, Russia. 

"(No. 1708a, November 28, 1911.) A form of this very promising fodder 
grass, occurring on very sandy, dry hill slopes in the vicinity of Sarepta. Of 
value for sandy lands in the semiarid belt of the United States." (Meyer.) 

32407. Agropyron sp. 

From near Sarepta, Saratov Government, Russia. 

"(No. 1709a, November 28, 1911.) A grass occurring here and there on very 
sandy soil. Grows in clumps. Of value as a forage grass on dry, sandy lands 
in the semiarid belt of the United States." (Meyer.) 

32408. Medicaoo bativa varia (Mart.) Urban. Sand lucem. 
From Krassny Koot, Samara Government, Russia. 

"(No. 1710a, November 20, 1911.) A very strong-growing hybrid alfalfa 
having erect heavy stems which are well supplied with foliage. Obtained 
from Mr. W. S. Bogdan, at Krassny Koot, who is making extensive selection 
and hybridization experiments with Medicagofalcaia and has obtained a number 
of very promising types, some of which are suitable for raising exclusively for hay, 
while others are better for pasturing purposes. 

"The climate around Krassny Koot is of a severely continental nature. 
The summers are hot and dry and the winters long and cold, with very little 
snow, as a rule. The medicagos selected there may prove especially suited 
to the drier portions of the western United States. The plant from which 
these seeds came bears Mr. Bogdan 's No. 158, and is one of his best types." 
(Meyer.) 

32409. Medicaoo falcata L. 

From near Sarepta, Saratov Government, Russia. 

"(No. 1711a, November 28, 1911.) An alfalfa of moderate growth occurring 
on very sandy, dry hill slopes in a country where there is much Umestone forma- 
tion. Probably there are several types or, perhaps, even species in this lot 
of seed. To be tested in dry, sandy localities." (Meyer.) 

32410. Medicago sp. 

From near Sarepta, Saratov Crovemment, Russia. 

"(No. 1712a, December 1, 1911.) An alfalfa occurring on dry, elevated lands 
along a ditch, of robust almost erect growth. Is either a form of Medicago 
falcata or M, coerulea which has been collected near Sarepta. Suitable for 
dry situations. ' ' ( Meyer.) 

32411. Medicaoo falcata L. 

From near Saratov, Russia. 

"(No. 1713a, November 23, 1911.) An alfal& of erect growth, found on dry, 
stony places on the hills near Saratov." (Meyer.) 
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32406 to 32424— Continued. 

82412. Medicaoo falcata L. 

From Krasany Koot, Samara Goverament Russia. 

"(No. 1714a, November 29, 1911.) This seed was presented by Mr. W. 8. 
Bogdan. Among it there are all possible types, and it is recommended, there- 
fore, for general naturalization purposes and should be sown in a dry northern 
locality for the selection of promising types." (Meyer,) 

32413. Astragalus albicaulis DC. 

From near Sarepta, Saratov (jovemment, Russia. 

"(No. 1715a, November 28, 1911.) This plant occurs on dry, sandy hill 
dopes. Looks to be promising as a possible fodder plant for semiarid regions." 
(Meyer.) 

Distribution. — The Caucasus region of southeastern Russia. 

32414. CORONILLA VARIA L. 

From near Saratov, Russia. 

"(No. 1716a, November 23, 1911.) A perennial legume, found on dry hill 
slopes and in loess ravines. Roots sent under No. 993 (S. P. I. No. 32305): see 
this number for further remarks." (Meyer.) 

32416. Lathtrus stlvestris L. 

From near Penza, Russia. 

"(No. 1717a, November 17, 1911.) A very strong-growing perennial Lathy- 
nis found between scrub. Of possible value for forage purposes on shady 
places in dry, cold regions." (Meyer.) 

Distribution. — ^Western and southern Europe, extending from Scandinavia 
and the British Isles southward to Spain, and eastward through Italy, Servia, 
Bulgaria, Turkey, and central and southern Russia to the Caucasus region. 

32416. Brassica juncea (L.) Cass. Mustard. 

From Sarepta, Saratov Government, Russia. 

"(No. 1718a, December 1, 1911.) Seed of the famous Sarepta mustard, 
which is extraordinarily strong and in great faivor throughout Russia. To 
possess the right pungency this mustard requires a rich, blackish soil and a 
hot and dry sunmier, with nights not too warm. The region around Sarepta 
seems to supply such a climate, the summers being warm enough to ripen 
grapes in the open, although the vines are buried deeply in winter. It may 
be that this short, hot summer assists in making this mustard so strong, for the 
manager of a large mustard factory stated that seeds from Sarepta mustard 
grown in Tambov Government, a region also having black soil, but slightly 
cooler, do not possess the required strength. India-grown seed also was not as 
pungent as that cultivated near Sarepta. This may possibly be grown to ad- 
vantage in certain sections of eastern Oregon. 

"The seeds, besides being ground into powder, are often eaten sprinkled 
over fried meats or mixed in sauces and when used in this manner they give 
dishes an agreeable, spicy flavor. The oil expressed from them is not at all 
strong and is in very great demand for culinary purposes in the section around 
Sarepta, being much preferred to sunflower-seed oil, as the mustard is less 
adulterated. 

"These seeds were obtained from the manager of the well-known mustard 
factory of J. C. Glitch, in Sarepta." (Meyer J) 

74G00°— Bull. 282^13 2 
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33405 to 32424— Continued. 

82417. Malus sp. Apple. 

From near Sarepta, Saratov Government, Russia. 

''(No. 1719a, November 28, 1911.) A genuine wild apple, oociining in the 
ravines in the vicinity of Sarepta. Sometimes seen as solitary shrubby speci- 
mens, sometimes as medium-sized trees in groves. The fruits are said to be 
very variable as regards size, flavor, and color. .Of value possibly for breeding 
experiments in originating varieties of apples that are able to stand more drought 
than our presen t varieties. ' ' ( Meyer. ) 

39418. JuoLANR REOiA L. Walnut. 

From Rostov, Russia. 

**(No. 1720a, December 12, 1911.) A vory large variety of walnut, being 
imported from Constantinople, but possibly grown somewhere in northern 
Persia or Asia Minor. Sells in Rostov at 30 kopecks (15 cents) a pound. '* 
(Meyer.) 

82419. CoRTLUs AVELLANA L. Hazelnut. 

From Rostov, Russia. 

"(No. 1721a, December 12, 1911.) A very large variety of hazelnut, said to 
come from Persia, called Persisky hurtshawi. This name may be fictitious, as 
Armenian fruit dealers in Rostov are unreliable." (Meyer.) 

82420. CoRYLUs AVELLANA L. Hazelnut. 

From Rostov, Russia. 

"(No. 1722a, December 12, 1911.) A very large variety of hazelnut, eaid to 
come from Constantinople, but cultivated probably somewhere in the south- 
western Caucasus or in Asia Minor.'' ( Meyer.) 

82421. Phoenix dactylifera L. Date. 

From Rostov, Russia. 

"(No. 1723a, December 12, 1911.) A very large variety of date of dark 
color and having little saccharine. Said to be grown in Persia and imported 
through Constantinople. New types may possibly be obtained from this lot." 
(Meyer.) 

82422. Acer tataricuh L. Haple. 

From near Sarepta, Saratov Government, Russia. 

"(No. 1724a, November 28 and December 1, 1911.) A shrubby maple 
occurring on dry hill slopes and in gullies and ravines, effectually preventing 
the soil from being washed away, and of value for this reason in those semiarid 
sections of the United States where much land is being lost through erosion." 
(Meyer.) 

DistrihiUion. — Southeastern Europe, extending from Hungary and Bulgaria 
eastward to the Caucasus region, and in Asia Minor and Armenia. 

82423. EuoNTMUs verrucosus Scopoli. 

From near Sarepta, Saratov Government, Russia. 

"(No. 1725a, November 28, 1911.) A hard> shrub growing 3 to 5 feet in 
height, occurring in shady places. Of value as undeigrowth beneath trees 
and tali shrubs in the parks and gardens of the semiarid sections of the United 
States." (Meyer.) 

Distribution. — ^A shrub found in central and southern Europe and western 
Asia, extending from the eastern part of the German Empire eastward through 
Dalmatia, Bosnia, central and southern Russia to the Ural region of Siberia. 
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82406 to 32424— Continued. 

32424. Prunus spinosa X domestica. Plum. 

• From Kozlov, Tambov OoverDment, Ruwia. 

"(No. 1726a, December 28, 1911.) This plum is a hybrid between Prunus 
spinosa and P. domestica var. Green Reine Claude; originated by Mr. 1. V. 
Mijurin, Kozlov, Tambov Government, and temporarily named by him Tjom 
Sladky Chomyy meaning 'sweet black sloe.' Scions sent under No. 1014 (S. P. I. 
No. 32671); see this number for further remarks." {Meyer.) 

32426. Annona cherimola Miller. Cherimoya. 

From San Joee, Costa Rica. Presented by Mr. Carlos Werckl^, Museo Nacional. 
Received January 2, 1912. 

ideeos. 

32426. Persea Americana Miller. Avocado. 

From Musa Isle Grove, Miami, Fla. Presented by Mr. J. P. Roop, through 
Mr. H. F. Schultz. Bud wood sent to Mr. Edward Simmonds, gardener, in 
charge of Subtropical Plant Introduction Garden, Miami. Numbered January 
15, 1912. 

*^Roop. A very good late variety which Mr. Roop states always produces generous 
crops of fruit which 'hang on ' late in December and January. This season the Trapp 
and most other late avocados ripened and dropped their fruit earlier than usual, 
speaking well for the persistent properties of this variety. I consider the flavor 
superior to the Trapp; the seed always seems to be firm, but it is imfortunately rather 
large in proportion to the size of the fniit.'' (Schultz.) 

32427. Medicaoo satiya L. Alfalfa. 

From India. Procured through Mr. F. Booth Tucker, Salvation Army, The Mall, 
Simla. Received January 15, 1912. 

32428. PuERARiA THUNBERQiANA (S. and Z.) Benth. Eudzu. 

From Sapporo, Japan. Presented by Prof. T. Minami, College of Agriculture, 
Tohoku Imperial University. Received January 2, 1912. 

Root cuttings. 

32429 to 32465. 

From India. Collected by Mr. C. V. Piper, of the Bureau of Plant Industry. 
Received January 12, 1912. 

Seeds of the following; quoted notes by Mr. Piper: 

32429. Brachiaria eruciformis (Smith) Griseb. 

From Kirki. 

"(No. 141, October 14, 1911.) One of the best pasture grasses in India, each 
plant producing a dense mass of fine stems a foot or more high. It produces 
Beed in great abundance." 

Distribution, — Southern Europe and Asia, extending from Italy eastward 
through Greece, Asia Minor, and northern Persia to India; also in Egypt, 
Abyssinia, and South Africa. 

282 



20 SEEDS AND PLANTS IMPORTED. 

32429 to 32456— Continued. 

32430. RrriLix oranularib (L.) Skeels. 

{Cenchrus granulans L., 1771, Mantissa Plantarum, p. 575.) 

The seeds of this grass were received under the name Manisiais granulans 
Swartz, 1778 (Nova Genera et Species Plantarum, p. 25), which is based on 
Cenchrus granulans L. However, Linnieus had published in 1771 (Mantissa 
Plantarum, pp. 164, 300) the generic name Manisuris with one species M. 
myuruSy which is not now considered to be congeneric with Cenchrus granulans 
L., thus invalidating the use of the generic name Manisuris for the latter species. 
This fact was recognized by Kuntze, who proposed for Cenchrus granulans L. 
the name Hackelochloa (Revisio Generum Plantarum, 1891, pt. 2, p. 776). 
However, in 1830, Seringe (Bulletin Botanique, vol. 1, p. 219) had published 
the generic name Rytilix, citing ^^ Manisuris granulans et myunis Auct." 
and listing one species, R, glanchdosa. While there is no description, the facts 
that M. granulans was cited first, that the name R. gktndulosa is proposed 
and that '^glandulosa^' and '^granularis" are considered to refer to the same 
plant characteristic, lead one to consider Manisuris granularis to be the type 
of the genus Rytilix. 

From Kirki. 

"(No. 142, October 14, 1911.) An annual grass that may be valuable after 
the manner of crab-grass.'* 

Distribution. — Found throughout the tropical region of India and is generally 
distributed in the Tropics of both hemispheres. 

32431. Indigofera linifolia (L. f.) Retzius. 

From Kirki. 

"(No. 143, October 14, 1911.) Said to be one of the best pasture legumes in 
India." 

Distrilmtion. — Throughout India from the Himalayas to Ceylon; also in Abys- 
sinia, Afghanistan, the Malay Archipelago, and northern Australia. 

32432. Alysicarpus longifolius (Rottl.) Wight and Am. 

From Kirki. 

"(No. 144, October 14, 1911.) A tall, erect species being tested for hay at 
Kirki.'* 

Distribution. — Throughout the plains of British India. 

82433. Syntherisma sanguinaus (L.) Dulac. 
From Kirki. 

"(No. 145, October 14, 1911.) Similar to our common crab-graas.'* 

82434. Crotalaria orixensis Willd. 

From Kirki. 

"(No. 146, October 14, 1911.) A creeping species abundant in sorghum, 
etc., at Kirki. The green pods are eaten by boys." 

Distribution, — Throughout the plains of India and in Abyssinia. 

82486. Mnesithea exalt ata (L.) Skeels. 

(AegUops exaltata L., 1771, Mantissa Plantarum, p. 575.) 

(Ophiuros oorymbosa Gaertner f. 1805, Fructibus et Seminibus Plan- 
tarum, vol. 3, p. 3, pi. 181.) 

« 

The seeds of this grass were received under the name Ophiuros oorymbosa 
(L. f.) GaertB. f. In publishing the genus Ophiuros, Gaertner cited Rott- 
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32429 to 32456— Continued. 

boellia Linn, and Juaa., and described and figured two species. Under the 
first, 0. mcunrnta, are cited the descriptions of Aegilops incurvala L. and Rott- 
boellia iTicurvata L. f. Under the second, 0. corymbomi, are cited the descrip- 
tions of AeffUops exaltata L. and RoUboellia eorymbom L. f., the latter of which 
is based on Aegilops exaltata, the specific name being changed because of RoU- 
boellia exaltata L. f . appearing earlier on the same page of the Supplementum 
(1781, p. 114). The generic characterization covers both grasses; but the first 
species is more completely described, Gaertner not having any fertile flowers of 
the second, of which he remarks that it might prove to be very closely related 
to Digitaria if the flowers were better known. It would therefore seem neces- 
sary to consider the first species, 0. incurvata, as the type of the genus Ophiuros. 
As Aegilops exaltata is not now considered to be congeneric with 0. ineurvata 
it must be referred to another genus. In 1829, Kunth (Revision des Gramin^es, 
vol. 1, p. 153) published the genus Mnesithea with one species, M. laeviSy 
based on Rottboellia laevis Retzius. As this grass is considered to be congeneric 
with the species received as Ophiuros corymhosa, the latter is here placed in 
the genus Mnesithea, the eariiest specific name, exaltata , being restored. 

From Poona. 

"(No. 147, October 13, 1911.) A rather coarse grass, but cut for fodder." 

Distribution. — Found on dry hills at the base of the Himalayas, where it rises 
to an elevation of 3,500 feet, in the Khasi Hills and southward in the Dekkan 
Peninsula of India; also in the States of North Austiulia and Queensland in 
Australia. 

82436. Hbylandia latebrosa (L.) DO. 

From Kirki. 

"(No. 148, October 14, 1911.) A prostrate legume abundant in the Dekkan. 
Said to be good fodder.'' 

Distribution. — Throughout the tropical region of India from the valley of the 
Ganges to Ceylon. 

82437. Panicum trtpheron Schultes. 

From Kirki. 

"(No. 149, October 14, 1911.) A large annual Panicum producing enormous 
panicles 12 to 18 inches long and nearly as broad. These panicles break off 
and drift over the country after the manner of tumbleweeds. The grass is 
considered foir forage." 

DistribiUion. — From India eastward to China and Borneo, and in tropical 
Africa. 

82438. Ischaemum pilosum (Klein) Hackel. 

From Kirki. 

"(No. 150, October 14, 1911.) A tall, rather coarse grass growing on com- 
paratively low ground. It makes only fair forage." 

Distribution. — In the Central Provinces and in the Dekkan Peninsula of 
India. 

82439. Arthrazon lancbolatus (Rozb.) Hochst. 

From Kirki. 

"(No. 151, October 14, 1911.) A grass growing about Poona in more or less 
shaded places, especially where somewhat moist/! 
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32429 to 32466— Continued. 

Distribution. — From the western Himalayas, where it rises to an elevation of 
8,000 feet, southward to the Coromandel Coast of India, and eastward to the 
provinces of Chihii, Kiangsu, Hupeh, and Yunnan in China; also in Nubia 
and Abyssinia in northern Africa. 

32440. Andropooon caricosus L. 

From Kirki. 

''(No. 152, October 14, 1911.) A grass abundant throughout northern and 
central India and considered excellent forage. Much of it is cut for hay.'' 

32441. Andropooon annulatus Forsk. 

From Kirki. 

"(No. 153, October 14, 1911.) Very similar to the preceding, but with much 
more slender stems." 

DistribvUion. — Throughout the plains and hills of India, and in tropical 
Africa, China, the Pacific islands, and in Australia. 

82442. Pasochetus communis Hamilton. 

From Utakamand. 

"(No. 154, October 24, 1911.) Collected on wet banks. The leaves are like 
white clover and the scapes bear one or two bright-blue flowers." 

DtatribiUion. — From the alpine slopes of the Himalayas southward and east- 
ward to Ceylon and Burma in India, and in the Malay Archipelago to Java, 
also in tropical Africa. 

32443 to 32448. 

"A collection of grasses from Utakamand, All grow on the meadowy tope of 
the Nilgiri Hills. The climatic conditions in the Nilgiri Hills are very much 
like those of the coast region in California, the principal trees being Australian 
eucalypts and acacias and such California trees as the Monterey pine and 
Cupressus macrocarpa.^* 

32443. Tripogon nuFORMis Nees. 

"(No. 155, October 24, 1911.) A perennial grass forming a con- 
siderable element of the grassy meadows." 

DiatnJnUion. — In India on the temperate slopes of the Himalayas 
at an elevation of 5,000 to 10,000 feet, between Dalhousie and Bhutan 
and on the Khasi Hills. 

82444. The MED A triandra Forsk. 

Probably variety Themeda roylei Hook. f. 

"(No. 156, October 23, 1911.) An abundant element of the grassy 
meadows of the Nilgiri Hills and considered good forage. ** 

Distribution. — In the drier parts of India from the lower Himalayas to 
Burma and Ceylon, and generally distributed in the Tropics of the Eastern 
Hemisphere. 

82446. IscHAEMUM cnjARE viLLosuM (Noes) Hackel. 

*' (No. 157, October 25, 1911.) Locally abundant in the grassy meadows 
of the Nilgiri Hills. " 

Distribution. — From the eastern part of India southeastward through 
the Malay Archipelago to China and Australia. 

82446. Brachypooium sylvaticum (Huds.) Beauv. 

" (No. 158, October 23, 1911.) Common in shady places in the Nilgiri 
Hills at 6,000 feet altitude. '' 
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S2429 to 32466 — Continued. 

82443 to 83448— GoDtinued. 

Distribution, — In woods, hedges, and thickets throughout Europe and 
eastward through northern Asia to the provinces of Shingking and Hupeh, 
China. 

82447. Andropogon pertusus insculptus (Hochst.) Hook. 

"(No. 159, October 23, 1911.) This grass is abundant in the Nilgiri 
Hills near Utakamand, and is considered one of the most nutritious of the 
south India grasses for hay and pasturage. ** 

DittribuHon. — Found with the species, which grows in southern 
Europe and Asia and northern Africa and Australia. 

82448. Arundinella fuscata Nees. 

*'(No. 160, October 25, 1911.) Abundant on the Nilgiri Hills at 6,000 
feet altitude and is considered to be an excellent pasture grass. " 

Distribution. — On the Nilgiri Hills at an elevation of 6,000 feet and 
at Rangoon, in India. 

82449. Cassia sp. (?) 

From Utakamand. 

" (No. 161, October 25, 1911.) Common throughout the Nilgiri Hills. Shrub, 
3 to 6 feet high. Said to be American. " 

82460. RuBUB Ruoosus Smith. Baspberry. 
From Utakamand. 

"(No. 162, October 24, 1911.)" 

*'A tall climber, evergreen in mild climates, bearing comparatively laige 
fruit. The fruit is dark red, turning black, makes delicious jam, and is borne 
the year around in the vicinity of Melbourne. " ( Mueller ^ Select Plants.) 

Distribution. — In the upper part of the province of Nepal in northern India. 

82461. RuBUS oowREEPHUL Roxb. 
From Utakamand. 

"(No. 163, October 24, 1911.)" 

Distribution. — On the slopes of the mountains in the northern part of India. 

82462. PANicru antidotalb Retz. 

From Agra. 

"(No. 164, October 7, 1911.) A species much like Guinea graas, but rather 
harsher. Of doubtful value. " 

Distribution. — Southern Asia, from Afghanistan southeastward through India 
to Ceylon, and in northern Africa and tropical Australia. 

82463. Rub us lasiocarpus Smith. Baapberry. 

From Bangalore. 

"(No. 165, October, 1911.) A blackcap raspberry, native on the Nilgiris and 
cultivated about Bangalore. Larger than RuJms ocddentalis and more juicy, 
but not so spicy in flavor. Will stand 20° F. Should be an excellent berry for 
the Southern States. " 

Distribution. — ^Temperate slopes of the Himalayas at an altitude of 5,000 to 
10,000 feet, in northern India, and on the hills of southern India; also in C-eylon 
and Java. 

32464. Annona cherimola Miller. Cheximoya. 

From Nilgiri Hills. 

"(No. 166, October 25, 1911.) Grown at 5,000 feet elevation. An excellent 
fruit. This was introduced into India with the cinchona from Peru. (See note 
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32429 to 32456-Contmued; 

to this effect in Markham's Travels in India and Peru.) It ia probable that all 
the cherimoyas in India are the progeny of this stock. Mr. Greoiige Oakes, who 
presented the seed, says that it comes absolutely true. " 

32466. Tricuolabna rosea Nees. Natal graam. 

From Poona. 

''(No. 167.) Purchased from the Empress Botanic Gardens, Poena. In 
India this is cultivated only as an ornamental. ** 

32467 and 32458. Prunus spp. 

Seeds of the following, collected by Mr. W. F. Wight, of this Department, turned 
over to the Office of Foreign Seed and Plant Introduction January 9, 1912. 

32467. Prunus sp. 

Collected in Montmorency Coimty, Mich. To be used for breeding purposes. 

32458. Prunus mexicana S. Watson. Plum. 

Collected near Denison, Tex. 

DUtribution. — ^From western Tennessee southeastward to the vicinity of San 
Antonio, Tex. 

32459. !Machilus nanmu (Oliv.) Hemsl. Nanmu. 

From Tangho, Chiangchin, China. Presented by Mr. Albert W. Pontius, Ameri- 
can consul, Chunking, China. Received January 19, 1912. 

See Nos. 28128, 29485, and 30039 for previous introductions. 

Seeds. 

32460. Citrus limetta Risso. lime. 

From Honolulu, Hawaii. Presented by Mr. J. E. Higgins, horticulturist, Hawaii 
Agricultural Experiment Station. Received January 19, 1912. 

Cuttings. 

Kusaie. 

*'This variety was introduced into Hawaii about 20 years ago from the island of the 
same name in the South Seas. It has proved to be a very good fruit-bearing tree, quite 
as healthy and vigorous as any of our limes, bearing fruit at almost all seasons of the 
year. The fruit is of medium to large size. The rind is rather thin and tender, which 
might bar this variety for commercial use. It is, however, an ideal lime for the family 
fruit garden. " (Higgim.) 

32461 and 32462. Eucalyptus spp. 

From Sydney, New South Wales. Presented by Mr. R. T. Baker, curator, Tech- 
nological Museum. Received January 20, 1912. 

Seeds of the following; quoted notes taken from Baker and Smith, Eucalypts and 
Their Essential Oils, 1902. See this work for further description. 

32461. Eucalyptus smithii R. T. Baker. Gully-aah. 

'^A tall, quick-growing tree, sometimes attaining a height of 150 feet and a 
diameter of from 2 to 5 feet. Bark on old trees deeply furrowed, and in color 
dark gray to blackish up to the branches. It is famous for its eucalyptol oil.'' 

Distribution. — A tree often 200 feet tall, found on steep mountain slopes in 
the southeastern part of New South Wales, Australia. 
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38461 to 33462— Continued. 

32462. EuciLLYprus umbra R. T. Baker. Bastard white-mahograziy. 

'* A tall, foliaceous tree, attaining Bometimes a height of 100 feet, with a dark- 
colored, stringy bark. Timber pale-colored, darker than 'White-mahogany,' 
E. acmenoideg Schau. It is subject to the attacks of a borer, which, of course, 
deteriorates its quality as a marketable timber. It is hard, close-grained, but 
IB rather an inferior timber to ^White-mahogany/ a fact well known to timber- 
getters." 

Distribution. — A tree sometimes 100 feet tall, found in the northern part of 
New South Wales, Australia. 

32463. Annona squamosa L. Sweetsop. 

From Papua. Presented by Mr. J. A. Hamilton, Port Moresby. Received 
January 20, 1912. 

"The fruits of this variety are small, but flavor delicious; by cultivation it might 
be improved.'' {Hamilton.) 

Seeds. 

32464. DiosPTROS senegalensis Perrott. 

From Pretoria, Union of South Africa. Presented by Mr. C. L. Legat, Chief 
Conservator of Forests, Forest Department. Received January 22, 1912. 

"A shrub or tree from 6 to 40 feet high or more. Wood much thought of by the 
natives, white, compact, or black in the center like ebony, and useful for many pur- 
poses. Fruit } to 1 inch in diameter, edible. Range from Abyssinia and Mozambique 
on the east to Angola, the Kongo, and the Grold Coast on the west. Apparently very 
widely scattered, known as monkey guava in the west, and as aje in Abyssinia.*' 
(£Kem, Ebenaceaey pp, 165-166.) 

32470 to 32477. 

From Chios, Greece. Presented by Mr. N. J. Pantelides. Received January 
26 and 27, 1912. 

Cuttings of the following; quoted notes by Mr. Pantelides: 

32470 to 32474. Ficus caric.\ L. Fig. 

82470. '^Lombard. Black with reddish interior.'^ 

32471. " F(M«Zica (Royal). Black." 

32472. " Ysterounelea, This species bears fruit twice a year. They 
are very small but very sweet." 

32473. ^^ Amh&wrcouna. Black. Fruits twice a year." 

32474. " MetUinia. White. These succeed also among oranges." 
32475 to 32477. Vms vinifera L. Grape. 

32475. ''Apatsiana. Black. Table variety." 

32476. " Crassera. Black wine grapes noted for their great production . ' ' 

32477. ^^AreovMia. Rose-colored wine and table grapes. From these 
grapes was made the ancient wine of Chios. This vine is long lived, 
and succeeds as a climber; it may cover thus a pavilion of 100 square 
meters [120 square yards], and may yield up to a ton of fruits." 
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S2478 and S2479. Annona chebdiola Miller. Oherlmoya. 

From Costa Rica. Presented by Mr. Carlos Werckl6, San Jose. Received 
January 25, 1912. 

'* Seed from two anonas from Judge Castro Carillo. He says they axe very good and 
of extraordinary size. ' ' ( Werekli. ) 

32480. AoAYE CANT ALA (Haw.) Roxb. Manila maguey. 

From Manila, Philippine Islands. Presented by Mr. O. W. Barrett, Chief, 
Division of Experiment Stations, Bureau of Agriculture, through Mr. Lyster H. 
Dewey, of the Bureau of Plant Industry. Received January 29, 1912. 

''Manila maguey is cultivated in the Philippines and to a limited extent in India, 
where it produces the fiber known as Bombay aloe. It is cultivated on a large scale in 
Java, producing a very excellent quality of fiber which has heretofore been placed on 
the market under the misleading name * ' Java sisal . ' ' The Javanese growers now pro- 
pose that this fiber shall be called *' cantala." It grows well in Java on rich, loamy 
soils, where the heavy rainfall and lack of lime make it impossible to cultivate sisal 
or henequen to good advantage. This plant would probably grow well in the eastern 
part of Porto Rico." {Dewey,) 

32481 and 32482. 

From Honolulu, Hawaii. Presented by Mr. J. £. Higgins, horticulturist, 
Hawaii Agricultural Experiment Station. Received January 29, 1912. 

Seeds of the following: 

32481. Citrus umbtta Risso. Lime. 

Kusaie. Cuttings of this variety received under S. P. I. No. 32460. 

82482. Carissa orandiflora (E. Mey.) DC. Amatungtilu. 

32484 and 32486. Hobdeum spp. Barley. 

From Hwaiyuan, Anhwei, China. Presented by Dr. Samuel Cochran, Hope 
Hospital. Received January 29, 1912. 

Seeds of the following; quoted notes by Dr. Cochran: 

82484. "This is called Nuer ta mehy which means 'daughter barley. '" 

82485. "Barley with long awns called Mi ta meh or 'rice barley. '" 

32488. RuBus sp. Baspberry. 

From Newara Eliya, Ceylon. Collected by Mr. C. V. Piper, of the Bureau of 
Plant Industry. Received January 29, 1912. . 

"(No. 85, August 27, 1911.) A spiny-stemmed red raspberry. Fruit small, smooth, 
in clusters. Flowers white. Stems ascending 4 to 10 feet. " (Piper.) 

32487. Phaseolus trilobatus (L.) Schreber. 

From Coimbatore, India. Collected by Mr. C. V. Piper, of the Bureau of Plant 
Industry. Received January 29, 1912. 

''(October 26, 1911.) A trailing legume, abundant on low ground." (Piper.) 

DistribtUion. — From the Himalayas, where it ascends to an elevation of 7,000 feet, 
to Ceylon and Burma; also in the Malay Archipelago and in Nubia and Abyssinia. 
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32488. Stizolobium sp. 

From India, l^resented by I. H. Burkhill, Office of the Reporter on Economic 
Products to the Government of India, Indian Museum, Calcutta, through Mr. 
C. V. Piper, of the Bureau of Plant Industry. Received January 29, 1912. 

"Cultivated by the natives in the neighborhood of Darjiling, under the name Kao90 
Stmhi.'* (Piper.) 

32489. Stizolobium sp. 

From Bangalore, Mysore, India. Procured by Mr. C. V. Piper, of the Bureau of 
Plant Industry. Received January 29, 1912. 

"Secured in the Agriculture Exhibit, October, 1911. " (Piper.) 

32490. Zea MATS L. Com. 

From Georgetown, Demerara, British Guiana. Presented by Mr. F. A. Stock- 
dale, Assistant Director, Science and Agriculture and Grovernment Botanic 
Gardens. Received February 1, 1912. 

CreoU. 

32491 to 32665. 

Seeds secured by Mr. C. V. Piper, of the Bureau of Plant Industry. Received 
November, 1911. Numbered February 1, 1912. 

Quoted notes by Mr. W. J. Morse, of the Bureau of Plant Industry. 

32491 to 82598. Glycine hispida (Moench) Maxim. Boy bean. 

From Calcutta, India. Received November 17, 1911, from the Economic 
Botanist. 

82491 to 32538. "These are black with small seeds and appear 
identical as to seeds with S. P. I. Nos. 24678 to 24689 received from 
India in 1909. 

32491. "Reg. No. 32045. From Purtabghur, United Provinces." 

82492. "Reg. No. 32046. From Sultanpur, United Provinces. " 

32493. "Reg. No. 32047. From Lucknow, United Provinces." 

82494. "Reg. No. 31577. From Patna Division." 

32495. "Reg. No. 32175. From Nocha, Farukhabad, United 
Provinces. " 

32496. "Reg. No. 32176. From Bahadurpur, Farukhabad, 
United Provinces." 

32497. "Reg. No. 32177. From Ismail Digon, Farukhabad, 
United Provinces." 

82498. "Reg. No. 32178. From Paagawn, Kheri, Oudh, 
United Provinces." 

32499. "Reg. No. 32179. From Bijna, Kheri, United Prov- 



inces." 



32500. "Reg. No. 32180. From Sansarpur, Kheri, United 
. Provinces. " 

32501. "Reg. No. 32501. From Chandeswa, Sitapur, United 
Provinces. " 

32502. "Reg. No. 32182. From Bhagantipur, Sitapur, United 
Provinces. " 
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32491 to 32655— Continued. 

32491 to d2598--Continued. 

82491 to d25d3-€oiitinued. 

82503. ''Reg. No. 32183. From Nimkhar, Sitapur, United 
Provincea. " 

32504. ''Reg. No. 32184. From Kauta, Unao, United Plrov- 
inces. " 

82505. "Reg. No. 32185. From Lalopur, Unao, United 
Provincee. " 

32506. "Reg. No. 32186. From Mahanadpur, Unao, United 
Provinces. " 

32507. ."Reg. No. 32187. From Sanksoha, Baaantpur, Futte- 
ghur, United Provinces." 

82508. "Reg. No. 32188. From Bahndolpur, Futteghur, 
United Provinces. " 

82509. "Reg. No. 32189. From Khera Khurd, Mainpuri, 
United Provinces." 

82510. "Reg. No. 32190. From Lakhouia, Mainpuri, United 
Provinces. " 

82511. "Reg. No. 32191. From Mainpuri, United Provinces." 

32512. "Reg. No. 32192. From Jaimoi, Mainpuri, United 
Provinces." 

82513. "Reg. No. 32193. From Nasipur, Mainpuri, United 
Provinces." 

32514. "Reg. No. 32194. From Tiswahisor, Hurdoi, United 
Provinces." 

82515. "Reg. No. 32195. From Atwa Karsot, Hurdoi, United 
Provinces." 

82516. "Reg. No. 32196. From Sanwaria, Hurdoi, United 
Provinces." 

82517. "Reg. No. 32197. From Aslapur, Huidoi, United 
Provinces." 

32518. "Reg. No. 32198. From Jaipuia, Hurdoi, United 
Provinces." 

82519. "Reg. No. 32199. From Naira, Hurdoi, United Prov- 
inces." 

82520. "Reg. No. 32200. From Barch, Etawah, United Prov- 
inces." 

82521. "Reg. No. 32201. From Bhoiya, Etawah, United Prov- 
inces." 

82522. "Reg. No. 32202. From Karayee, Etawah, United 
Provinces." 

82528. "Reg. No. 32203. From Nangawan, Etawah, United 
Provinces." 

82524. "Reg. No. 32204. From Etawah, United Provinces." 

82525. "Reg. No. 32205. From Etawah, United Provinces." 

82526. "Reg. No. 32209. From Shikohabad, United Prov- 



inces." 
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3S491 to 82665— Continued. 
82401 to 3259S-<7oiitinaed. 

82491 to 32588-Contmued. 

82527. ''Reg. No. 32210. From Bewar, United Provinces." 

82528. "Reg. No. 32211. From Lakhimpur, United Prov- 
incee." 

82520. ''Reg. No. 32212. From Langawar, United Provinces." 

82580. "Reg. No. 32213. From Fknhar, United Provinces.'* 

82581. "Reg. No. 32399. From Jaunpur, United Provinces." 

82582. "Reg. No. 32874. Bhatnuu, From Darjiling." 

82588. "Reg. No. 31565. From Kalimpong, Darjiling." 

82584 to 82588. "Black, speckled with brown. In size and shape 
the seed is identical with S. P. I. Nos. 32491 to 32533." 

82584. "Reg. No. 31785. From Poena, Bombay. Black, very 
similar to NuUaU, S. P. I. No. 17253." 

82585. "Reg. No. 34013. From Gurhwal, United Provinces." 

82586. "Reg. No. 32206. From Chakrata, Dehra Dun, United 
Provinces." 

82587. "Reg. No. 32030. From Kashmir." 

82588. "Reg. No. 31704. From Simla, Punjab." 

82580 to 82541. "These are brown with medium-sized seed and 
very similar to S. P. I. No. 20011B." 

82580. "Reg. No. 32208. From Chakrata, Tahsil, Dehra Dun, 
United Provinces." 

82540. "Reg. No. 32372. From Kashmir." 

32541. "Reg. No. 31702. From Simla, Punjab." 

82542. "Reg. No. 31567. From Kalimpong, Darjiling. Brown, 
similar to S. P. I. No. 24673." 

82543. "Reg. No. 32873. From Darjiling; very similar to S. P. I. 
No. 32642." 

82544. "Reg. No. 32032. From Kalimpong, Darjiling. Brown, 
quite similar to 8. P. I. No. 17258." 

82545. "Reg. No. 31701. From Kangra, Punjab. Seed olive yel- 
low, small, much flattened, with burnt-umber hilum." 

82546. "Reg. No. 32870. Bhatnuu, From Darjiling. Olive yellow, 
medium small with burnt-umber hilum." 

82547. "Reg. No. 32872. Bhatnuu. From Darjiling. Straw yellow, 
medium small, much flattened, hilum russet colored." 

82548. "Reg. No. 32543. From Kilbum & Co., Calcutta. Olive 
yellow, identical with S. P. I. No. 26160." 

82540. "Reg. No. 31787. From Poena, Bombay. This sample con- 
tains olive-yellow seed, similar to S. P. I. No. 19186, and straw-yellow 
seed, very similar to S. P. I. No. 17273." 

82550. "Reg. No. 32265. From Kachin Hills, Burma. Straw colored 
with very small flattened seed, and hilum burnt umber." 

32551. "Reg. No. 31568. From Kalimpong. Olive yellow with 
dark-brown hilum; similar to S. P. I. No. 24704 in size and shape." 
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32491 to 32655— Continued. 

32491 to 32598— Continued. 

32662. "Reg. No. 31781. From Poena, Bombay. Olive yellow, 
with slate-colored hilum; similar in size and shape to S. P. I. No. 

24704." 

32663. "Reg. No. 31790. From Poena, Bombay. Very similar to 
S. P. I. No. 26160." 

32664. "Reg. No. 31782. From Poena, Bombay. Very similar to 
S. P. I. No. 32552." 

32666. "Reg. No. 32406. From a Chinese dealer of Tiretti Bazaar, 
Calcutta. Very similar to S. P. I. No. 26160." 

32666. "Reg. No. 31703. From Simla, Punjab. Quite similar to 
S. P. I. No. 22901." 

32567. "Reg. No. 31617. From Shillong. Straw yellow and brown 
seed. Identical with S. P. I. No. 24672." 

32658. ''Bhatnuu. Reg. No. 32871. From Darjiling. Straw yellow 
with very dark-brown hilum; similar to S. P. I. No. 24697 in size and 
shape." 

32669. "Reg. No. 31615. From Bhamo, Burma. Straw yellow, very 
similar to S. P. I. No. 17269." 

32560. "Reg. No. 31779. From Poena, Bombay. Straw yellow, very 
similar to S. P. I. No. 17269." 

32661. "Reg. No. 31778. From Poena, Bombay. Straw yellow, 
identic-al with S. P. I. No. 32560." 

32662. "Reg. No. 31786. From Poena, Bombay. Straw yellow, 
seed identical with S. P. I. No. 24702." 

82663. "Reg. No. 32405. From Chinese dealer of Tiretti Bazaar, 
C<ilcutta. Straw yellow, seed quite similar to S. P. I. No. 17278." 

32664. "Reg. No. 31776. From Poena, Bombay. Straw yellow, 
very similar to S. P. I. No. 24696." 

32666. "Reg. No. 31777. From Poena. Bombay. Straw yellow, 
identical with S. P. I. No. 32564." 

32666. "Reg. No. 32583. From Madras Museum, Government farm, 
Trivandrum. Straw yellow, very similar to S. P. I. No. 24699." 

32667. "Reg. No. 31789. From Poona, Bombay. Straw yellow, 
identical with S. P. I. No. 24699." 

32668. "Reg. No. 31780. From Poona, Bombay. Straw yellow, 
very similar to S. P. I. No. 24899." 

32669. "Reg. No. 31783. From Poona, Bombay. Straw yellow, 
identical with S. P. I. No. 24702." 

32670. "Reg. No. 31788. From Poona, Bombay. Straw yellow, 
identical with S. P. I. No. 24696." 

32671. "Reg. No. 31619. From Laahio, Hsenvi State, Northern Shan 
States, Burma. Straw yellow, very similar to S. P. I. No. 32559." 

32572. '' Sudawpa. Reg. No. 31173. From Ruby Mines, Upper 
Burma. Straw yellow, nearly identical with S. P. I. No. 17269." 
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88481 to 83666— Continued. 

82491 to 82598— Continued. 

82578. "Reg. No. 31784. From Poona, Bombay. Straw yellow. 
Very flimilar to S. P. I. No. 14954." 

82574. ** Pe^nga-pi, Reg. No. 32043. From Laahio, Northern Shan 
States, Burma. Straw yellow, with very small seed elliptical in shape 
and hilum russet colored." 

82575. ''Reg- No. 32214. From Myitkyina, Burma. Straw yellow, 
identical with S. P. I. No. 30574." 

82576. "Reg. No. 31803. From Naga Hills, Assam. Straw yellow, 
very similar to S. P. I. No. 14954." 

82577. "Reg. No. 31803. From Naga Hills, Assam. Straw yellow, 
identical with S. P. I. No. 30576." 

82578. "Reg. No. 31626. From Tiddim, Chin Hills, Burma. Straw 
yellow, very similar to S. P. I. No. 24674." 

82579. "R^. No. 31566. From Kalimpong. Straw yellow, identical 
with S. P. I. No. 24674." 

82580. "R^. No. 31569. From Kalimpong. Straw yellow, very 
similar to S. P. I. No. 24674." 

82581. "Reg. No. 32216. From Myitkyina, Burma. Straw yellow, 
very similar to S. P. I. No. 32580." 

82582. "R^. No. 31252. Pyin, From Maubin, Lower Burma. 
Straw yellow, with small seeds much flattened and brown hilum." 

82588. "Reg. No. 31251. From Katha, Burma. Straw yellow, 
identical with S. P. I. No. 32582." 

'82584. "Reg. No. 32075. From Myitkyina, Burma. Straw yellow, 
with brown hilum, simlar to S. P. 1. No. 32574, in size and shape." 

82585. "Reg. No. 31426. From Nagpur, Central Provinces. Straw 
yellow, very similar to S. P. I. No. 32582." 

82586. "Reg. No. 32217. From Myitkyina, Burma. Straw yellow, 
very similar to S. P. 1. No. 32584." 

82587. "Reg. No. 31249. From Thaton, Upper Burma. Straw 
yellow, very simlar to S. P. I. No. 32584." 

82588. "Reg. No. 32215. From Myitkyina, Burma. Straw yellow, 
very simlar to S. P. I. No. 32584." 

82589. "Reg. No. 31616. From Lower Chindwin, Burma. Straw 
yellow, simihir to S. P. I. No. 32584." 

82590. "R^. No. 32074. From Katha, Burma. Straw yellow, 
similar to S. P. I. No. 32580. 

82591. "Reg. No. 31614. From Mandalay, Burma. Straw yellow, 
similar to S. P. I. No. 32580." 

82592. "Reg. No. 32592. From Gurhwal, United Provinces. Straw 
yeUow, simihir to S. P. I. No. 32580." 

82598. "Reg. No. 31574. From Haka, Chin Hills, Burma. Straw 
yellow, identical with S. P. 1. No. 24672." 

82594. "Reg. No. 32029. From Kashmir. Straw yellow, identical 
with S. P. I. No. 22901." 
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32481 to 32666— Continued. 

32491 to 82698— Continued. 

82696. "Reg. No. 32373. From Kashmir. Straw yellow, identical 
with S. P. I. No. 326»4." 

82696. "Reg. No. 32012. Yields 12.55 per cent of oil. From Gurh- 
wal, United Provinces. Straw yellow (cloudy), in size and shape 
similar to S. P. I. No. 32594." 

02697. "Reg. No. 31250. Pe-hyat or Pe-bok. From Mandalay. 
Straw yellow, very similar to S. P. I. No. 32580." 

82698. "Reg. No. 32207. From OhakraU, Tahsib, Dehra Dun, 
United Provinces. Straw yellow, very similar to S. P. I. No. 32596." 

82699 to 82606. Phasbolus calcaratus Roxb. 

82699. "Reg. No. 31806. From Naga Hills, Burma. Mottled." 

82600. " Reg. No. 31808. Prom Kerhn, Naga Hills, Burma. Brown." 

82601. "Reg. No. 31708. From Myitkyina, Burma. Brown." 

82602. "Reg. No. 32396. From Kerhn, Naga Hills, Burma. Mot- 
tied." 

82603. "Reg. No. 31709. From Myitkyina, Burma. Black." 

82604. "Reg. No. 32031. From Kashmir, India. Black." 
82606. "Mashyan. Reg. No. 32878. From Daijiling. Brown.'' 

82606. Phaseolus badiatus L. 

"Mashyan. R^. No. 32880. From Daijiling. Maroon.'^ 

82607. Phaseolus radiatus L. 

"Reg. No. 32877. From Darjiling. Mottled." 

82608. Phaseolus max L. 

"Bought on the market at Trichinopoly, August 31, 1911. (No. 68.)" 

82609. VioNA CYLiNDRicA (Stlckmau) Skeels. Oatjan^. 

{Phaseolus cylindricus Stickman, 1759, Herbarium Amboinense, in Lin- 
nseus's Amoenitates Academicse, vol. 4, p. 132.) 

The catjang bean has heretofore been listed in the inventories as Vigna 
eatjang (Burm.) Walpers, 1839 (Linnsea, vol. 13, p. 533), which was based on 
Dolichos catjang published in 1768 by N. L. Burmann (Flora Indica, p. 161.) 
However, Stickman in 1759 had published the name Phaseolus cylindricus for 
the plant described and figured by Johannes Burmann (Rumph's Herbarium 
Amboinense, vol. 5, 1747, p. 383, pi. 139, fig. 1), which is cited under Dolichos 
catjang by N. L. Burmann. It is therefore necessary to use the specific name 
cylindricus for the catjang bean. 

"Bought on the market at Trichinopoly, August 31, 1911. (No. 65.) 
Clay." 

82610. Dolichos lablab L. Bonavist bean. 

"Bought on the market at Trichinopoly, August 31, 1911. (No. 67.) 
White." 

82611. Dolichos lablab L. Bonavist bean. 

"Bought on the market at Trichinopoly, August 31, 1911. (No. 66.) Buff." 

82612. DouGHOs biflorus L. 

"From the market at Trichinopoly, August 11, 1911. (No. 70.1? 
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32481 to 33666— Continued. 

82018. Stnthibibma oonsanouinba (Gaud.) Skeols. 

(Digitana eonmrnguinea Gaudichaud, 1826, in Freycinet, Voyag^e Autour 
du Monde, Botanique, p. 410.) 

The seeds of this gxaas, received aa an unidentified Syntheriama, prove to be 
those of the species comanguinea. This species seems not to have been given 
a binomial name under the genus Syntherisma, the proper designation for the 
grasses scnnetimes known as Digitana. 

"A slender species growing in the Calcutta Botanical Gardens in great abun- 
dance. (No. 103, September 8, 1911.)" 

JHstribuiion. — ^This was first found in the Hawaiian IslandB, and is now 
known to grow in the Malay Aichipekgo and in Polynesia. 

82014. Mnbstthba labvis (Retz.) Kunth. 

"A slender, erect species, abundant in the Calcutta Botanical Gardens. 
(No. 102, September 8, 1911.)'' 

DiMtrihuHon, — Southern Asia, extending from Afghanistan eastward to Ceylon 
and Burma, and through the Malay Archipelago to Java. 

82015 to 82021. Stuolobium spp. 

"Most of these forms were included by Haaskarl under the name Mucuna 
vduHna, but their exact botanical relations remain to be established. .Secured 
from the agricultural experiment station, Buitenzorg, Java." 

82015. *' Seeds ashy with indefinite smoky spots." 

82010. "Seeds pale greenish." 

82017. ''Seeds greenish buff." 

82018. "Seeds Uver colored." 

82019. "Seeds black." 

82020. "Seeds brownish marbled and speckled with brown and 
black." 

82021. "Seeds ash gray, marbled and speckled with brown and 
black." 

82022 to 82081. Viona SBSQiTiPBDAua (L.) W. F. Wight. 

"Seeds received from Java, November, 1911." 

82022. '*GUjor, Brown, very similar to S. P. I. No. 21661." 

82028. " Tiinde. Brown, identical with S. P. I. No. 32622." 

82024. **Pandj(mg. Brown, very similar to S. P. I. No. 32623." 

82025. **Agel. Brown, identical with S. P. I. No. 32624." 
82020. "Kroepoek, Brown, lighter than S. P. I. No. 32625." 
82027. ''Poejoek. Brown, identical with S. P. I. No. 32626." 
82028.. ''Oetves. Brown, identical with S. P. I. No. 32626." 

82029. ''Dodap. Black." 

82080. ''Palembang. Black. 

82081. ''Roedjii. Black." 

82082 to 82088. Vigna sinensis (Tomer) Savi. Oowpea. 

"From Java. Received November, 1911." 

82082. *'Roedrii. Reddish brown, quite similar to S. P. I. No. 
17369, but seeds smaller." 

yieOO**— Bull. 282—13 3 
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82491 to 32665— Continued. 

82682 to 826e8-CoatiBi»d. 

82088. ''Dadap, Reddfeh brawn, iddDtical with S. P. I. No. 32632." 

82684. "Dadap. YeUowish, quite similar U> S. P. I. No. 29282." 

82685. **Roedjii. Yellowish, very simibr tp S. P. I. No. 21509A." 

82686. "Originally from Marseille. Very similar to S. P. I. No. 
17425." 

82687. **Bladteye, identical with S. P. I. No. 21297." 

82688. ''No. 5 Groeboeg. Speckled reddish brown." 
82689 to 82655. " Seed received from Java, November, 1911." 

82680. ViQif A CTUNDEiOA (Stickman) Skeels. Oatjan^. 

" Mantri, Browneye." 
82M0 to 82644. Phasbolus caicaratus Roxb. 

82640. ''KatjangKajoeAro. Black." 

82641. ''Katjang Kajoe Aro. Brown." 

82642. *' Katiang Kajoe Aro. Mottled." 

82648. "Katjang Kajoe Aro. Mottled, but more of a reddish 
brown color." 

82644. *'Katjang Kajoe Aro. Light brown." 

88645. Canavau oladiatum (Jacq.) DC. Sword bean. 

"Reuzen CanavaUia. Red." 

82646. Canavau oladiatum (Jacq.) DC. Sword bean. 
**Reuxen CanavaUia. Yellow." 

82647. Canavau bnsiformb (L.) DC. Jack bean. 

82648. Gltcinb hispida (Moench) Maxim. Soy bean. 

"Dull black, identical with S. P. I. No. 16790B, a selection from 
CUmd, S. P. I. No. 16790." 

82649. Glycinb mspiDA (Moench) Maxim. Soy bean. 
"Straw yellow, very similar to S. P. I. No. 24696." 

82650. Craoca vuxosa hikta (Hamil.) Kuntze. 

DUtrihuHon. — Throughout the plains of India from the base of the 
Himalayas to Ceylon and Malakka and eastward through the Malay 
Archipelago to Java. 

82651. CuTORiA LAURiPOUA Poir. 

DistrilnUion. — ^A suberect undershnib found in Brazil and northward 
to Colombia, and in the West Indies; also in Malakka and Java. 

82652. Cassia patellaria DC. 

Distribution. — ^A herbaceous perennial found in the vicinity of Orizaba 
in southern Mexico and southeastward through Central America to the 
northern part of South America; also in the West Indies. 

82658 to 82655. Andropooon sorghum (L.) Brot. 

82658. "Black." 

82654. "Red." 

89655. "Darkled/* 
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32666. DiosPTBos kaki L. f. Bendtnmon. 

From Onnond, Fla. Presented by Mr. Jftmes P. Vining, Breiton Ian. Re- 
ceived February 2, 1912. 

Ormand Winter. Fruits of this variety were received in the middle of January. 
They were of excellent flavor and one among the lot was found to be aeedlesB. 

CnttingB. 

32667 to 32669. 

From Bombay, India. Purchased from Ralli Bies. Received Jamiary 80, 1912. 
Seeds of the following: 

d9667. DoucHOS biflorus L. 

''Kulthi." 
32658. Phasbolus aconitifolius Jacq. 

" Muth.*' 
32669. ViGNA CTUNDRiCA (Stickman) Skeela. Catjang. 

" ChowlV 

S2660. Radicula armoracia (L.) Robinson. Horse-radish. 

From Moscow, Russia. Received through Mr. Frank N. Meyer, agricultiu^ 
. explorer, February 2, 1912. 

''(No. 1020, January 8, 1912.) A variety of horse-radish, coming from Soosdal, 
Vladimir Government, Russia, famous throughout the country for its fine qualities 
and said to be the best horse-radish in Europe. Is in special demand in Russia during 
the winter holidays. To be tested in the northern United States in deep, rich soil." 
(Meyer.) 

32661. Tbiticum AEsmruK L. Wheat. 

From Njoro, British Bast Africa. Plreeented by Mr. W. 0. Bewail. Received 
January 23, 1912. 

Rietx. 

32662 to 32676. 

From Kozlov, Tambov Government, Russia. Received through Mr. Frank N. 
Meyer, agricultural explorer, January 29, 1912. 

Cuttings of the following: 

32662. Amygdalus nana X davidiana. 

From Kozlov, Tambov Government, Russia. 

"(No. 1005, December 27, 1911.) This species was originated by Mr. I. V. 
Mijurin at Kozlov, with the idea of creating a perfectly hardy peach, able to 
withstand the severe climate of central Russia. This hybrid produces non- 
edible fruits and has the characteristic growth of Amygdahis davidiana, while 
the form and appearance of the fruit is more or less that of A. nana. Said to be 
very floriferous and extremely showy in springtime. Possesses value as an 
ornamental tall shrub for the northern United States and may serve as a hybrid- 
ization factor in creating races of perfectly hardy peaches, as Mr. Mijurin's 
experiences were tiiat while A. davidiana and A. nana do not hybridize with 
A. persuxit this hybrid does." {Meyer.) 
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8266S to 88676— Continued. 

82608. Pbunus abmbnxaca L. Aprloot. 

From Kozlov, Tambov Gov«mment, Runia. 

''(No. 1006, December 27, 1911.) An apricot originated by Mr. I. V. Mijurin 
in Kodov, said to bear laige, yeilowiih fruite of good flavor. Withstands 
unprotected the severe climate of central Russia and is probably the hardiest 
variety of apricot known. Of unusual value as a novel hardy fruit for the 
northern United States." (Meyer.) 

82604. Prunub vrutecosa. Pallas. 

From Kozlov, Tambov Government, Russia. 

*' (No. 1007, December 27, 1911.) A variety of Siberian cheny, said to bear 
very abundantly, fruits of large size. Originated by Mr. I. V. Mijurin in KosloT. 
Of high value like preceding number. * ' ( Meyer,) 

82005. Prunus rRuncosA Pallas. 

From Eozlov. Tambov Government, Russia. 

" (No. 1008, December 27, 1911.) A variety of Siberian cherry, of very dwarf 
growth, and bears sweet fruits, which is a great rarity among this species. Origi- 
nated by Mr. I. V. Mijurin in Kozlov. Of high value like the preceding num- 
bers." (Meyer.) 

82006. SoRBUs AUCUPARiA X AMERICANA. Bowaa. 
From Kozlov, Tambov Government, Russia. 

"(No. 1009, December 27, 1911.) A rowan bearing laige, sweet-flavored 
fruits of dark-red color, which are said to be pleasant eating. Originated by 
Mr. I. V. Mijurin at Kozlov. Of special value like No. 1006 (S. P. I. No. 
32663)." (Meyer.) 

82007. RiBES AUREUM Purah. Oolden currant. 

From Kozlov, Tambov Government, Russia. 

"(No. 1010, December 27, 1911.) A variety of currant said to bear laige 
fruits of good, sweet flavor, ranging in colors from dark purple to pale yellow. 
Extremely hardy, thriving on even the poorest soils. Originated by Mr. I. Y. 
Mijurin at Kozlov. Of particular value for the northern sections of the United 

States." (Meyer.) 

82008. Rosa bpinosibsima X Ruoosa. Rose. 

From Kozlov, Tambov Crovemment, Russia. 

** (No. 1011, December 27, 1911.) A rose of low, dense growth and exception- 
ally hardy. Flowers said to be large and of a pale-rose color. Originated by 
Mr: I. V. Mijurin at Kozlov. Of special value for the northern United States. " 
(Meyer.) 

82800. pRUNUS SPIN08A X DOMESTICA. Flttm. 

From Kozlov, Tambov Government, Russia. 

''(No. 1012, December 28, 1911.) A phun, being a hybrid between Prumu 
Bpinoia and P. dome$tioa, Green Reine Claude variety. Originated by Mr. I. Y. 
Mijurin at Kozlov and temporarily named by him Bjeli Tjorrif meaning white 
sloe. Fruits almost round, medium size, of yellowish white color, and good 
keeping qualities. Trees of medium size, rather slow in growth, but are heavy 
bearers and exceptionally hardy. Of high value for the colder sections of the 
United States. *< (Meyer.) 
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38662 to 32676— Continued. 

88670. Prunus sfinosa X dombatica. Hum. 

From Koslov, Tambov Gkwemment, Rufiii*. 

"(Ko. 1013, December 28, 1911.) A plum of the same parentage as the pre- 
ceding numbers. Originated by Mr. I. V. Mijurin at Koslov, and temponvily 
named by him Dtnertnaia Tjcm Chanvy, meaning black desaert doe. Fruits 
dark purple, not very large, of sweet, characteristic spicy flavor, and possessing 
good keeping and shipping qualities. Trees of vigorous growth. Of high value 
like the preceding number. " ( Meyer,) 

82671. Prunus sfinosa X dombstica. Plum. 
From Kozlov, Tambov Government, Russia. 

''(No. 1014, December 28, 1911.) A plum of the same parentage as the pie- 
ceding numbers. Originated by Mr. I. V. Mijurin at Koalov and temporarily 
named by him Tjom Sladky Chomy, meaning sweet black sloe. Fruits of a 
dark-purplish color, mediimi size, and having a very sweet flavor, with an after- 
taste all their own. The trees are very productive and of vigorous growth. Of 
high value like the preceding numbers." {Meyer,) 

Seed received under 8. P. I. No. 32424. 

82672. Prunus sfinosa X dombstica. Flozn. 
From Kozlov, Tambov Oovemment, Russia. 

''(No. 1015, December 28, 1911.) A plum of the same parentage as the pre- 
ceding numbers. Originated by Mr. I. V. Mijurin at Kozlov, and temporarily 
named by him Zimni Tjcm Chomy, meaning black winter aloe. Fruits of 
dsxk-purple color, medium size, of sweet, spicy flavor, and possessing admirable 
keeping and shipping qualities, lasting as long as three months. They do not 
drop easily from the trees even when fully ripe. Trees of vigorous, father tall 
growth, and very hardy. Of high value like the preceding numbers. " ( Meyer.) 
82678. Prunus sfinosa X dombstica. Plum. 

From Kozlov, Tambov Oovemment, Russia. 

"(No. 1016, December 28, 1911.) A plum of the same parentage as the pre- 
ceding numbers. Originated by Mr. I. V. Mijurin at Kozlov and temporarily 
named by him Reine Claude Z6UAi$i%, meaning Golden Reine Claude. Fruits 
of medium size and a beautiful yellow color; shape spherical, slightly flattened; 
jiucy; taste sweet and spicy. Of good keeping and shipping qualities and 
considered an excellent market variety. Trees of medium growth, very healthy 
and cold resistant. Of high value like the preceding numbers." {Meyer.) 
82674. Prunus avium L. Gheixy, 

From Kozlov, Tambov Oovemment, Russia. 

"(No. 1017, December 28, 1911.) A variety of cherry originated by Mr. 
I. V. Mijurin at Kozlov, and named by him K'nyashnaia Severa, meaning Queen 
of the North. Fruits large, of pale-red color, and fresh sour-sweet flavor, 
ripening toward the end of June; possesses excellent shipping and keeping 
qualities and persists on the trees even when over ripe. Trees of vigorous 
straight growth, making but few side branches; trunks smooth and clean. This 
variety seems to give special satisfaction in dry, cold climates like, for instance, 
that of Samara Oovemment, Russia, where cherries as a rule grow very poorly. 
It is considered in Russia to be a decided acquisition to their hardy fruit trees 
and will no doubt be found of special value in the northern sections of the 
United Stotes. " {Meyer.) 
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32662 to 32676— Continued. 

32676. Cydonia oblonoa Miller. Qiiine#. 

From Kozlov, Tambov Govemmenl, Ruan*. 

''(No. 1018, December 28, 1911.) A quince selected by Mr. I. V. Mijurin 
at Kozlov; ii able to withstand succeflsluUy the severe climate of central 
Russia, where quinces ordinarily perish when the thermometer drops to ~20^ C. 
(-4<' F.) This variety has stood -dS"" G. (-31'' F.) and remained unhurt. 
FroitB medium size, of oblong shape. Valuable as a home fruit for the northern 
United States. " ( Meyer.) 

82676. Cydonia oblonoa Miller. Quinee. 

From Kozlov, Tambov Government, Russia. 

''(No. 1019, December 28, 1911.) A variety of quince selected by Mr. I. Y. 
Mijurin at Kozlov, bearing medium-sized, round fruits. For further remarks 
see the preceding number. '' ( Meyer, ) 

32678. Amyqdalus pebsica nectarina Ait. Nectarine. 

Grown at the Plant Introduction Field Station, Chico, Cal. Numbered Feb- 
ruary, 1912. 

Cro$by. Same as S. P. I. No. 11777, budded on Ajnygdalus ddvidiano, S. P. I. 
No. 26604. 

38679. Myboia&ia bdulib (Veil.) Skeels. 

From Paraguay. Presented by Dr. Moisds S. Bertoni, Estacion Agronomica, 
Puerto Bertoni. Received February 3, 1912. 

32680 to 321688. Tbitigum spp. Wheat. 

From Argentina. Presented by Dr. Carlos Thays, Director, Botanic Garden, 
Buenos Aires. Received January 30, 1912. 

Seeds of the following; quoted notes by Dr. Thays: 

82680. Triticum durum Deaf. 

*' Tangaro. Cultivated in the central pampas. Production 1,900 kilos [about 
2 tons] per hectare [2.47 acres]." 

82681 to 82689. Triticum aebtivum L. 

82681. ^^Barleta. Cultivated in the southern part of the province of 
Buenos Aires. Production 1,440 kilos per hectare.'' 

82682. '^French Red. From the western part of the province of 
Buenos Aires. Yield 1,550 kilos per hectare. " 

82688. " TtLsella. From central pampas. Yield 1,480 kilos per 
hectare. " 

82684. ''Barleta. From Chubut. Yield 1,900 kilos per hectare." 

82685. ''Barleta. From the south of Cordoba. Yield 1,690 kilos per 
hectare. " 

82686. '* Australian. From southern Santa Fe. Yield 1,380 kilos 
per hectare. " 

82687. *^ Hungarian. From central pampas. Yield 1,290 kilos per 
hectare. " 

82688. "BarUta. From Rio Negro. Yield 1,320 kilos per hectare." 
82680. "French. From southern San Luis. Yield 1,550 kilos per 

hectare. " 
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Saedl to 82684. Pebsea spp. 

FftMQ the State of Pueblo, Mexico. Prefltatad by Mr. William W. Canada, 
American consul, Vera Cruz. Received February 3, 1912. 

Seede of the following : 

32091. Pkrsea AMERICANA Miller. Avoeado. 

82690. Pbrsba mkxioana (MeiMO.) HenaL* 

DiUribution. — The province of Vera Cms in southern Mexico. 
32698. Pbrsba sp. 
82694. Pbrsba umoub (Ruis and Pav.) Ne«u 

See No. 24208 for description. 

32695. Phaseolus yuloaris L. Bean. 

From Paraguay. Presented by Dr. Mois^ S. Bertoni, Eetacion Agronomica* 
Puerto Bertoni. Received February 3, 1912. 

82696. Anacabdium occidentals L. Oaahew. 

From State of Rio de Janeiro, Brazil. Presented by Mr. R. E. Demazet, Sao 
Paulo. Forwarded by Mr. C. A. LuU, Tiffin, Ohio. Received February 1, 
1912. 

See No. 5202 for descriptioiL 

cieeciS'. 

82697 to 82702. 

From Chelsea, London, England. Purchased from James Veitch A Sons (Ltd.). 
Received February 5, 1912. 

Plants of the following; quoted notes by James Veitch & Sons: 

82697. Rosa willmottiae Hemsl. Boae. 

'* A very pretty species with single, rosy carmine flowen, 1 inch to li inches 
in diameter, which are freely produced during June. Very distinct from any 
other rose in cultivation." 

DistribtUion, — On the slopes of the Sangpan Mountains near the Tibetan 
frontier of western China, at an elevation of 9,500 to 11,000 feet. 

82698. Bbrbbris polyantha Hemsl. Barbeiry. 

"A deciduous shrub, 5 to 6 feet high, with yellow flowers, followed by coral- 
red fruits. Bright-green obovate leaves borne in clusters of about eight each. " 

DutribtUion. — Collected in western China. 

82699. Berberis verruculosa Hemsl. and Wilson. Barberry. 

*'A dense-growing evergreen shrub about 2 feet high. Leaves leathery, 
ovate, spiny, shining above, glaucous beneath. Flowers yellow, borne in pairs, 
succeeded by violet-purple fruits." 

DistribtUian, — An evergreen shrub found on the mountains in the vicinity 
of Tatienlu, in the Province of Szechwan, in China. 

82700. Berbbris japonioa bxalei (Fortune) Skeels. Barbeiry. 

"Not far from the town of Tun Chee in the green-tea country of Hankow, 
China. A handsome evergreen species somewhat resembling Berberit /re- 
mantii of northern Texas." (Dr. W. Van Fleet.) 

See No. 31244 for previous introduction. 
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32687 to 32708— Continued. 

32701. Bbrbbbu oAONEPAnn 0. K. Schneider. Bazbttzry. 

''An elegant evergreen barberry of compact growth, flowering freely during 
June in this country. The pale-yellow flowere are succeeded by glaucous 
purple berries.'' 

DistribtUion. — Slopes of the mountains at an elevation of 10,000 feet in north- 
eastern India and western China. 

82702. Iris wilsoni G. H. Wright. Izia. 

''A new species, resembling Iris dbiriea in habit. Flowers pale yellow, 
outer segments veined red brown, borne on stems 8 to 12 inches high. First 
flowered in July, 1909, at Coombe Wood." 

Distribution. — Known only from western China. 

82703. Campomanesia sp. 

From Puerto Bertoni, Paraguay. Presented by Dr. Mois^ S. Bertoni, Estacion 
Agronomics. Received February 6, 1912. 

** Ikvavira,** 

82704 and 32706. 

From Inhainban, Portuguese East Africa. Ptesented by Mr. Hiny W. Ke3rB, 

Methodist Episcopal Mission. Received February 6, 1912. 

Seeds of the following; quoted notes extracted from Sims's Forest Flora of Portu- 
guese East Africa: 

32704. Garcinia sp. 

''Pemhe. Either a branched bush, an erect tree, or a bushy tree; in each 
case the stems set with numerous firm, little, more or less evergreen branches, 
which give the tree a pyramidal shape. Leaves usually in threes or opposite. 
Fruit 1 to 2 inches long, oblong, edible, yellow at first or when ripe, two seeded, 
and used by the natives to make a fermented liquor. Abundant in sandy 
soil through the M'Chopes country to Inhamban." 

82706. Strtchnos gerrardi N. E. Brown. 

"Qiiagtia. A small tree, 3 to 10 meters high, without thorns, and with ex- 
ceedingly variable leaves. Fruit one celled, globose, 5 to 7 centimeters in 
diameter, small, thin, spotted, with a hard shell, and numerous flat seeds 
lying in an acidulous edible pulp. Abundant from Natal to Inhamban, and 
especially on the sandy soils." 

82706. Abies numidica De Lannoy. 

From Babois, Algeria. Presented by Dr. L. IVabut, Algiers, Algeria. Received 
February 6, 1912. 

'"This tree grows with the cedar. It is a very splendid tree, flourishing here at 
1,800 meters." (Tmbut.) 

Distribution. — A tree, sometimes 75 feet high, found on the slopes of mountains at 
an elevation of 5,000 to 7,000 feet, in the Pro\dnce of Constantinej in the northern part 
of Algeria. 
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88708 to 38718. Aralia gordata Thunb. Udo. 

From Yokohama, Japan. Purchaaed from L. Boehmer & Go. Received Feb- 
ruary 7, 1912. 

Boots of the following: 

82708. *'8hirooku.** 82711. ''Ohuaka,"* 

82700. '^Kanudo.** 82712. ^'Shirowam.^ 

82710. *'Waaeaka." 

88718 to 88785. Phoknix daotyufera L. Date. 

From Egypt. Procured through l£r. A. Aaronsohn, lianaging Directnr, Jewish 
Agricultural Experiment Station, Haifa, Palestine. Received February 2, 1912. 

"A collection of date palms secured from Upper Egypt by Mr. Aaronsohn under my 
direction. The object of the expedition was primarily to secure the Wahi date, of 
which specimens were secured by Mr. David Fairchild in 1900-1901. This name, as 
was pointed out by Mr. H. A. Rankin in 1904, is merely an English transktion of the 
Arabic word meaning * oasis date.' Mr. Rankin further suggests that the dates at 
Fayum, such as Mr. Fairchild secured, are probably from the oasis of Bahriyeh. Prof. 
G. Schweinfurth, of Berlin, informed me in July, 1911, that a large date by this name 
IB imported into Egypt from the oasis of El Ehargeh. 

''Besides this variety, Mr. Aaronsohn hoped to get some of the fine Nubian varieties 
that have been reported by various travelers. In October, 1911 , Mr. Aaronsohn found 
at Aswan trees of the Wahi variety which originally came from the oasis of Khargeh. 
He was imable to secure offshoots from these particular trees. Mr. Aaronsohn did, 
however, secure a number of offshoots of other varieties of considerable importance, 
as shown in the following list. The most important of these is probably the Sultany. 
If these offshoots prove true to name this one variety would undoubtedly repay the 
expense of the whole trip. " {WcdUr T, Svnngle.) 

82718. '^SuikatU This variety comes from the village of Sukka, in Nubia, 
and along with those of Say is said to be one of the best that grows on the banks 
of the Nile. Burckhardt (Nubia, ed. 2, p. 752) says: * They are of the largest 
kind, generally 3 inches long. As there is no navigation northward through 
the Batn el Hadjar, these dates reach northern parts of Nubia only in small 
quantities at present.' The date is listed by Delchevalerie as a Nubian 
variety. " ( Walter T. Swingle.) 

82714. "Oundela.^ This is probably the Gondaila of Fletcher's report in 
BuUetin No. 28 of the Department of Lands and Agriculture at Bombay, page 
17. He states that it ripens in September, grows in sandy soil, and is a large, 
yellowish brown variety." (Walter T. Swingle.) 

82715. "Kilmaf or Sultany. ^ According to Lipsius this is considered the 
best date in Nubia and is believed to keep for two years. This date, perhaps 
the most celebrated of the Nubian country, was formerly exported in some 
quantities through Egypt to Constantinople, where it is said to have gone to 
Uie Sultan's palace. It is perhaps the most famous of the Upper Egyptian 
varieties. " ( Walter T. Swingle.) 

82716. **Ibrimy, A famous variety common in the district of Babir, and in 
Lower Nubia. It ripens in September and is a brown color. The fruit is 
said to resemble somewhat the carob in flavor. " ( Walter T. Swingle,) 

1 •< Drying dates from Upper Egypt" (Aaronaolin.) 
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32718 to 32725— Oontinued. 

32717. *'Hayany, A variety from tbe town of Hayany in Upper Egypt. 
The dates are said by Delchevalerie to be made up into a paate and eaten by 
the inhabitanta of that part of Egypt. See S. P. I. No. 6438. '' (WaUer T. 
Swingle.) 

32718. "fittn.'' 82720. '' Bartamoda.*' ^ 

32719. ** Add Malaiawi,** ^ 

32721. '' Amhat. As to this variety there aeemB to be much confusion in the 
Egyptian literature, several varieties being undoubtedly confounded under 
the same name. Until the dates fruit it will be difficult to tell more about 
them." {Waller T. Swingle.) 

82722. "Zagloul." See No. 6439 for description. 

32723. ''Bint Aischa.*' See No. 6440 for description. 

32724. '^Amary. Perhaps the same as Amri (S. P. I. 6445). The name 
would indicate a red date, which is a common date in Lower Egypt, frequently 
exported to Europe in a dry condition." {Walter T. Swingle.) 

32725. "Samany." See No. 6441 tor description. 

32726. Citrus sp. 

From Hangchow, China. Presented by Mrs. J. H. Judson, Hangchow College. 
Received February 7, 1912. 

32728. Prosopis stephaniana (Bieb.) Kunth. 

From Ayaba, Oued Rh'ir, south of Biskra, Algeria. Presented by Dr. L. Trabut, 
Algiers, Algeria. Received February 8, 1912. 

•'Grows on alkaline deserts. " {TrabiU.) 

See No. 29996 for previous introduction. 

32728. Aralia californica S. Watson. California spikenard. 

From California. Procured by Mr. G. P. Rixford, of the Bureau of Plant Indus- 
try, stationed in San Francisco. Received February 7, 1912. 

Procured for breeding purposes. See No. 32169 for description. 

32730. NiTRARIA SCHOBERI L. 

From Spencers Gulf, South Australia. Presented by Prof. J. H. Maiden, Director, 
Royal Botanic Garden, Sydney, New South Wales, Australia. Received 
February 8, 1912. 

The following notes yrere written by Prof. Maiden, while standing opposite plants of 
Nilraria sehoheri at Port Augusta at the northern end of Spencers Gulf, South Australia. 

''Fruits the size of a small cherry with a narrowish, grooved stone. Very fleshy, 
translucent, and of a reddish brown color, remarkably like a Kentish cherry. Not at 
all bad eating, with a slight bitter flavor, not at all unpleasant." 

32731. Chaetochloa magna (Griseb.) Scribn. Wild millet. 

From Millstone, Md. Collected by Mr. Ivar Tidestrom, of the Bureau of Plant 
Industry, September 1, 1911. Received February 8, 1912. 

''This species, a large succulent annual, resembles the cultivated foxtail millet. 
It grow& among shrubs and high herbs or in the open in mucky soil along the coast 
from Maryland southward. I am unable to say whether or not it can be grown in 
ordinary field soil, but it seems worthy of trial.'' {A. S. Hitchcock.) 



I '* Drying datei from Upper Egypt." (Aaronsoho.) 
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38788 to S87t7. Pyrus communis L. Pear. 

From Collie ville, Minn. Preaented by Rev. John B. Katzner, Superintendent, 
Trial Station, Minnesota State Horticultural Society, Collegeville. Received 
October, 1911. Numbered February 9, 1912. 
Cuttings of the following varieties of pears, procured from Germany by Mr. Katzner; 
quoted notes by him: 

32733. '^ Madam Favre. A vigorous grower and a prolific bearer. Fruit 
large, of very good quality, suitable for dessert. Ripens in September." 

32734. ''Schoene Julie. A prolific tree of good growth. Small fruit, very 
good quality, useful for dessert. Ripens in October." 

32735. '^Herzogin EUa. A prolific variety of good growth. Laige fruit, 
very good quality, suitable for dessert. Ripens in September." 

32736. ** Beaches BuUerbime, A vigorous grower. Fruit, medium, very 
good quality, uaeful for dessert. Ripe in September." 

32737. "(rMte Louise von Avranches. A very vigorous and prolific variety. 
Quite large fruit, very good to excellent quality, suitable for dessert. Ripe 
in October." 

32738. '* MoffdaUnebinu. Vigorous aad very prolific. Small fruit of very 
good quality, suitable for deasert. Ripe from July to August." 

32739. ''Gellerts Bi^tUrbime. A vigorous and very prolific variety. Laige 
fruit of very good to excellent quality, which may be used for dessert." 

32740. *' Triumph von Viennes. A vigorous and prolific variety. Fruit is 
one of the largest grown. It is of very good quality and is suitable for dessert. 
Ripe from September to October." 

32741. ^'Amanlis BuUerbime. Vigorous and very prolific. Large fruit of 
very good to excellent quality, suitable for dessert. Ripens in Septem- 
ber." 

32742. ^' KuemmMirne, Fruit ripe from November to January. Can be 
used for dessert and for cooking." 

82743. '*PhUipps Bime.'' Same description as for No. 32735. 

32744. " Troekener Martin. Tree of good growth and very prolific. Small 

fruit which is very good for cooking. Ripe from December to March." 
32746. *' Baronsbime. A good bearer and grower. Large fruit, the very 

best for cooking purposes. Fruit ripe from January to April." 

32746. '* Ho/rcUsbime. A very vigorous variety. Fruit laige, of very good 
to excellent quality, suitable for dessert. Ripe from October to Novem- 
ber." 

32747. **Englisehe Sommerbime. A vigorous grower and prolific bearer. 
Fruit very good, useful for dessert. Ripens in September." 

"All the above varieties I have tried. While they are not hardy with us, 
they showed no signs of blight and therefore may be very good for other parts 
in the United States, as in Michigan, eastern Wisconsin, and Eastern and 
Western States. " 

32748 and 88748. Diospybos kaki L. f. Persimmon. 

From Sapporo, Japan. Presented by Mr. Y. Takahaahi, botanist and vegetable 
pathologist, Hokkaido Agricultural Experiment Station. Received Feb- 
ruary 10, 1912. 

Cuttings of the following: 

32748. Variety Hackiya, Japanese name Ko shikaki. 

32749. Variety Hiyakume, Japanese name Hiydkumt haki. 
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38750. D108PTCO8 KAKi L. f. Peniminon. 

From KawaniflhimuFa, Settmi, Japan. Presented by Mr. M. Kidiimoto, Japan 
Nursery Go. (Ltd.) Received February 12, 1912. 

"Scions from male persimmon trees." (Kuhimoto,) 

38761. Pbunus sp. Prune. 

From Langenbuhl, Thun, Berne, Switaeriand. Presented by Mr. Felix Wenger. 
Received February 12, 1912. 

Quoted note by Mr. R. Wenger, of Newbeig, Oreg., who suggested the procuring 
of this prune. 

"This prune resembles the Italian, but is much laiger and contains more sugar. 
It is locally known as the 'grafted prune.' I have had considerable experience in 
prune growing in this State, and I am confident that if this prune would do as well 
here as it did at Langenbuhl, it would be of great benefit to the entire Northwest." 

38762. FiGUS roxbubghii Wallich. Fig. 

From Sibpur, Calcutta, India. Presented by Maj. A. T. Gage, Director, Royal 
Botanic Garden. Received February 12, 1912. 

DiBtnbiUiion. — A middle-sixed tree found on the lower slopes of the Himalayas in 
northern India, rising to an elevation of 6,000 feet and extending from the Province 
of Assam to the valley of the Indus River. 

38763. PuNioA GRANATUH L. Pomegranate. 

From Raleigh, N. G. Presented by Mr. William J. Andrews. Received Feb- 
ruary 10, 1912. 

''Skin greenish yellow, with no red color, moderately thick. Dissepiment broad- 
triangular. Grains medium huge, obovoid, beautifully carmine colored. Seeds 
large and hard. Very juicy and add (too much so for eating without sugar). Large 
fruit well adapted for makiog sherbets, etc." (7*. H. Kearney.) 

88767 to 38774. 

From Russia. Received through Mr. Frank N. Meyer, agricultural explorer, 
Bureau of Plant Industry, February 16, 1912. 

Seeds of the foUowing: 

32767. Prunus sp. Plnni. 

This and the next lot of seed were received under the name Prunus uuurimtii, 
but as yet the place of publication of this name has not been found. 

From Souchodole, Tula Government, Russia. 

"(No. 1727a, December 30, 1911.) A wild plum, from the Usuri district, 
eastern Siberia. Said to be of large size, red in color, and an early ripener. 
Considered to improve in flavor by being frozen. Obtained from Mr. D. D. 
Eashgaroff at Souchodole. Will probably thrive better in the eastern sections 
of the United States than in the Middle West. " ( Meyer.) 

82758. Prunus sp. Plum. 

From Souchodole, Tula Government, Russia. 

''(No. 1728a, December 30, 1911.) A variety of wild plum coming from the 
Usuri district, eastern Siberia. Said to be of medium size and of a yellow 
color. Obtained like the preceding number." {Meyer,) 
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3S767 to 82774 — Continued. 

82759. PRumxt fadus L. 0h«n7. 

From Souchodole, Tula Government, Runia. 

' "(No. 1729a, December 30, 1911.) A small-fruited species from the Usuri 
district, eastern Siberia. Grows in the jungle. Said to beer edible fruits. 
Obtamed like the preceding number. " ( Af<q^.) 

8d760. Amtodalus nana L. 

From Eoslov. Tambov Grovemmentk Russia. 

"(No. 1730a, December 28, 1911.) A form of almond obtained from ICr. I. V. 
Mijurin at Kozlov; poaribly a hybrid.*' (Meyer,) 

32761. RiBEs MBTERi Maxlm. Cozvant. 

From Souchodole, Tula Government, Russia. 

"(No. 1731a, December 30, 1911.) Variety turhestmiea, A black currant 
cotaiing from Russian Turkestan. Said to betr unusually laige, fine-flavored 
fruits. Obtained from Mr. D. D. Eashgaroif at Souchodole." (Meyir,) 

82762. RtBBS FROOUVBBNs Pallas. Oazrant. 

From Souchodole, Tula Government. Russia. 

"(No. 1732a, December 30, 1911.) A species of currant called liarkatulikaia 
gmarodnaia from the ICarka Eul region, Altai Mountains, southwestern Siberia, 
Said to bear beiries of a brownish black color as lazge as cherries. Occurs on 
moist, co<d places and apparently objects to drought and heat. To be tested 
in southern Alaska and in the moist, elevated regions of the United States. 
Obtained like the preceding number." (Meyer.) 

DietnbuHon,— The province of Dauria in eastern Siberia. 

82768. Clbmatis tanoutioa (Maxim.) Eorsh. CAematis. 

From Eoalov, Tambov Government, Russia. 

"(No. 1733a, December 28, 1911.) An ornamental, climbing, woody clematis, 
bearing laige, yellow flowers. Has proved to be perfectly hardy in central 
Russia. Obtained from Mr. I. V. Mijurin, who stated that he had received the 
seeds from Tibet." (Meyer,) 

DiBtrUnitUm, — On the slopes of the mountains at an elevation of 11,000 to 
13,000 feet in Tibet and Mongolia. 

82764. LnjuM monadblphum (var. szowrrsiANtnt) X bleoans. 

From Eozlov, Tambov Government, Russia. 

"(No. 1734a, December 28, 1911.) A lily originated by Mr. I. V. Mijurin at 
Eozlov; bears flowers of a deep-yellow color and is extraordinarily floriferous; 
apparently of great promise as an ornamental perennial for the hardy border. 
Bulbs of this hybrid are stated by Mr. Mijurin to weigh up to 6 pounds a piece. " 
(Meyer,) 

82765. TRmcuM ABsnvuM L. Wheat. 

From Eharkof, Russia. 

"(No. 1735a, December 22, 1911.) A variety of bearded winter wheat called 
Eraseny oeietaia, much grown in southern Russia. Gives an abundant crop 
and stands winter cold and summer heat better than most other varieties. 
Obtained from Mr. P. V. Budrin, Director of the Eharkof Selection Station." 
(Meyer,) 
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82767 to 82774-Continued. 

82766. TRmcuM aestivum L. Wheat. 

From Kharkof, Russia. 

*'(No. 173fia, December 22, 1911.) A variety of beaidlefls winter wheat, 
called Krassny beBOStma, extensively grown in southern RuMta and po oBc asing 
much the same qualitiefl as the preceding number. Obtained from the same 

Bource." {Meyer.) 

32767. HoRDEUM vuloasb L. Baxlej. 

From RoBtov, Ruasia. 

'^(No. 1737a, D?cember 19, 1911.) A new variety of black summer barley, 
called Chomy gladko-osti. First found at the agricultural experiment station 
in Taganrog, southern Russia. This is a decided improvement on the ordinary 
barleys witK their hooked awns, which make them especially objectionable for 
feeding purposes. Obtained at the agricultural experiment station near 
Rostov, through Mr. S. M. Groobnieff, Secretary of the Don-Kuban-Tersk 
Agricultural Society. This barley seems to do well in regions with rather 
high summer tempc ratures and where there is only a relatively light precipi- 
tation. To be used exclusively for breeding purposes. " (Meyer.) 

32768. Panicum miuaceum L. Millet. 

From Kharkof, Ruasia. 

''(No. 1738a, December 22, 1911.) A variety of millet called Chomy proso. 
It has laige, black seeds and is a medium-early ripener. In Kharkof it is con- 
sidered to be the best variety. Obtained from Mr. P. V. Budrin, Director of 
the Agricultural Selection Station at Kharkof." (Mtyer.) 

82769. Heuanthus annuus T^. Sunflower. 

From Rostov, Russia. 

"(No. 1739a, December 19, 1911.) A variety of sunflower called Zelenka, 
which has large, plump seeds, is cultivated for oil production exclusively, and is 
specially recommended as being more rc^^istant to the ravages of orobanches 
than the ordinary varieties. Obtained like No. 1737a (S. P. I. No. 32767)." 
(Meyer.) 

32770. PisuM SATIVUM L. Pea. 

From Moscow, Russia. 

"(No. 1740a, January 10, 1912.) A tall-growing sugar pea, said to be a pro- 
lific bearer, with seeds that swell out in cooking and have a meaty flavor. 
Called Mergeimski, probably derived from the German name 'Meerheim.' 
Purchased in Moscow. " ( Meyer.) 

32771 PisuM SATIVUM L. Pea. 

From Moscow, Russia. 

"(No. 1741a, January 10, 1912.) A variety of garden pea called Chomy-piati; 
has black eyes. Said to be of tall growth and of ordinary quality. Purchased 
in Moscow. " ( Meyer. ) 

82772. PisuM SATIVUM L. Pea. 

From Moscow, Russia. 

"(No. 1742a, January 4, 1912.) A variety of garden pea obtained from the 

originator, Mr. D. von Roodzinski, in charge of the Selection Station near 

Moscow; called by him Stambovi-Petrowska-RanLmowshi. An erect grower 

with fasciated stem. Is a prolific bearer; the flowering period is confined to 
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82767 to 82774-<5ontinued. 

four or five days, which results in uniform maturing of the crop. Mr. Rood- 
Einski stated tJutt this variety is 65 per rent more productive than the ordinary 
varieties of garden peas. Will apparently be of special value for the more 
northern regions of the United States. Mr. Roodziuski's number for this variety 
is 576." (Meyer.) 

83773. LiNOM uaiVATiaaiMUM L. FUx. 

From Moscow, Russia. 

"(No. 1743a, January 4, 1912.) A variety of flax selected by Mr. D. von 
Roodzinski at Moscow for four yean. A very tall, erect grower reaching a 
height of 105 centimetem [41 inches] in height. Called Pwwiki flax No. 802. 
Obtained from the originator. " ( Meyer.) 

82774. CrrRULLUs vulgaris. Schrad. Watermelon. 

From Moscow, Russia. 

''(No. 1744a, Januarv 10, 1912.) A watermelon called Monastinhi arboos 
said to be much grown in southern Russia as a market variety. Is round in 
Bhax)e and of medium size; has thin skin, light green in color, with dark encur- 
clittg bands; the flesh is red and of very sweet taste; it is a medium-early 
ripener. Purchased in Moscow. " (Meyer.) 

88776 and 82776. Populus spp. Poplar. 

fVom Slottsskogen, Gothenbui^, Sweden. Received through Mr. Stuart J. 
Fuller, American consul, February 17, 1912. 

Cuttings of the following: 

32776. Populus tremula L. 

Bee No. 30577 for previous introduction. 

32776. Populus nigra L. 

See No. 30055 for previous introduction. 

32777 to 33783. 

Procured by Mr. C. V. Piper, of the Bureau of Plant Industry. Received Feb- 
ruary 16, 1912. 

Seeds of the following; quoted notes by Mr. Piper: 

32777. Cracca villosa purpurea (L.) Kuntze. 

''From the botanical gardens, Buitenzoig, Java. A legume that is being 
experimented with at the Buitenzorg garden as a green-manure crop. It pos- 
sesses considerable promise for this purpose. '' 

Dieiributum. — Throughout the plains of India, and generally scattered in the 
Tropics. 

32778. Cracca villosa argbntba (Lam.) Kuntze. 

"A large, half-shrubby species, which is being experimented with at the 
Buitenzoig Botanic Garden, as a green-manure crop.'' 

82779. Mbibomia parvifoua (DC.) Kuntze. 

From Buitenzoig, Java. 

"A legume, which closely resembles in appearance the Florida beggarweed 
and is XNrobably of similar value." 

DietrihutUm. — Throughout the plains of India from the Himalayas, where it 
ascends to an elevation of 7,000 feet, to Ceylon, and eastward to China and 
Japan, and in the Malay Archipelago. 
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82777 to 82788— Continued. 

82780. BRA.DBUBTA FUBBBGSN8 (Benth.) Kuntie. 

''A leguminoua vine being experimented with at Buitenxoiig, Java, as a 
green-manure crop. It has much the habit of Bradbwrifa plumieri,** 

82781. Afocofib sp. 

''An unknown giaas growing in the garden at Buitenzoig, Java, from seed 
collected in New Guinea. It apparently has considerable i»omise as a pasture 
grass for the extreme southern States.'* 

82782. Indioofbra unifolia (L. f.) Rets. 

From Pusa, India. 

"An annual legume abundant throughout the upper Ganges Valley, and 
also in the Bombay Presidency, India. In some sections it is considered one 
of the best native legume varieties. Ijt should succeed well under southern 
California conditions." 

82783. ZORNIA DIPHTLLA (L.) PeTS. 

FVom Bangalore, India. 

"An annual legume found throughout the upper Ganges Valley and in the 
Bombay Presidency, and of similar value to the preceding number." 

^ 82784 to 82826. 

From Seharunpur, India. Presented by Mr. A. G. Hartlcss, Superintendent, 
Government Botanic Gardens, at the request of Mr. G. V. Piper of the Bureaa 
of Plant Industry. Received February 8, 1912. 

Seeds of the following; quoted notes by Mr. Piper: 

82784. Andbopooon halbfbnsis (L.) Brot. 

*'This is the variety of Andropogon halepensis common throughout the Granges 
Valley. It is quite different from the ordinary variety of Johnson grass intro- 
duced into this country, having a much laiger, looser, drooping panicle, but 
also having the same development of rootstocks and being equally weedy. It 
should be tested with care." 

82785. Artemisia sp. 

This was received under the name Artemisia jacoeumviridis, but as yet the 
place of publication of this name has not been found. 

82786. Bauhinia purpurea L. 

"Very similar to BaiJiinia variegata (S. P. I, No. 32787), but the flowers 
are red." 

DiatrilmHon, — A medium-sized tree found in India from the foot of the 
western Himalayas to Geylon, and eastward to Ghina. 

82787. Bauhinia variegata L. 

"A small tree, with butterfly-shaped leaves, and showy white flowers." 

Distribution. — ^A tree found throughout India from the western Himalayas 
to Biurma, and eastward to Ghina. 

82788. Bblou marmelos (L.) Lyons. Bael. 

82789. Berberis aristata DG. Barberry. 

82790. Bisghofia javanica Blume. 

''What has been identified as this same species seems to have been intro- 
duced into Florida some time ago, and at Oneco there is a beautiful specimen 
which, although injured during the great freezes, has recovered and is now a 
very beautiful shade tree." {David Foxrckild.) 
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82784 to 88826— C!ontmued. 

Dnthhaitm, — ^A. Foundheftded tree found in India from the Uopical slopes 
of the Himalayas in Kumaon eastward and southirard throu^ the hills of the 
Dekkan Peninsula, and from Assam to TeMMserim, and in the Malay Archi- 
pelagD and the Pacific iJm/ln. 

82791. Bomb AX malabaucum DC. Bed ailk-eotton tree. 

82792. BuTEA M0N08PBRMA (Lam.) Taub. 

*'A leguminous tiee with very handsome foliage and producing a great 
abundance of oiange-scarlet blossoms. It is deciduous, grows 30 to 35 feet 
high, and is rather wide spreading." 

82793. Calamus tenuis Roxburgh. Rattan. 

"One of the rattan palms." 

DistrilmtUm. — ^A climbing palm found on the tropical slopes of the Himalayas 
from Kumaon eastward and southward through Bengal, Assam, Chittagong, and 
Sylhet to Burma, and extending to Cochin China. 

82794. Calucarpa macrophtlla Vahl. 

Distribution. — A shrub with wandlike branches and white berries, found in 
the northern and eastern parts of India 

82795. Calustbmon cftrina (Curtis) Skeels. 

(Uetronderos citrina Curtis 1794, Botanical Magazine, vol. 7, pi. 200.) 

The seeds of this ornamental myrtaceous shrub from Australia were received 
under the name Callisiemon laneeolatum DC. 1828 (Prodromus, vol. 3, p. 223) 
which was based on Metrosideraa lanceolata J. E. Smith 1797 (Transactions of 
the Linnean Society, vol. 3, p. 272). Dr. Smith cited " M. citrina. Curt., Mag. 
t. 260," and remarked in part as follows: "I would never change a name that 
has been generally in use, whether published or not; but this is too prepos- 
terous to be retained." As the present rules of botanical nomenclature require 
the retaining of the first specific name applied to a species, Curtis's name is 
here restored. 

Cdtitiemon dtrina is found akmg streams and near the coast of the eastern 
part of Australia in Queensland, New South Wales, and Victoria. 

82796. Cabsla sp. 

82797. Cbltis aubteaiib L. 

" A very splendid shade tree, growing to a height of 40 feet. It has a shapely 
crown, and the branches are somewhat pendulous. It is said to be a rapid 
grower. " 

DigtribuKim. — ^A variable tree found in southern Europe, northern Africa, and 
eastward in Asia to India. 

82798. Cinnamomum camprora (L.) Nees and Eberm. Camphor. 

82799. DioflPTROS Montana Hoxb. 

"A small, erect, deciduous tree, growing to a height of about 30 feet. Is 
quite ornamental and useful where small trees are desirable." 

82800. DiosFYROS fereorina (Gaertn.) Guerke. 

"A vigoroiis species growing about 30 feet high with a dense, spreading habit. 
The round russet-colored fruits are very attractive, but are not eaten. These 
make a beautiful contrast with the bright glossy-green leaves. " 

82801. Duranta repbns L. 

"A shrub growing to a height of 6 or 8 feet and covered with white or lavender 
flowers in drooping racemes, followed by an abundance of orange-colored 
74600*— Bull. 282-13 4 
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32784 to 82826— Continued. 

berries. Frequently ihe bush bean bloflsoms and fruits at the same time. II 

also makes excellent hedges.'' 

Dwtribution.—A small tree or shrub found in. sandy soil in southern Florida, 
in the West Indies, and from Orisaba in Mexioo southeastward to Peru and 
Brazil. 

32802. Ehrbtia acuminata R. Br. 

*'A deciduous tree, rather dwarf, producing white flowers in abundance.*' 

32803. Erythbina vbspsstiuo Benth. Heilamaa tr««. 

DiitrUnUion. — ^A shrub or low tree found along streams in North Australia 
and Queensland. 

32804. EucALTFTus SALIOMA Smith. Conraaga. 

DistribiUiion. — ^A tall tree with smooth, silver-gray, shining bark, found 
along streams in New South Wales, Australia. 

32805. Ficua lugxscbns Blume. 

''A deciduoiis species, with compact habit, growing to a height of about 30 
to 35 feet. It is said to grow very rapidly. Leaves bright glossy green." 

DUtribution. — ^A low tree found on the plains and lower hills of India and 
eastward through the Malay Archipelago to Java. 

32806. Ficus relioiosa L. Pipal. 

*'The peepul tree. One of the most generally grown shade trees throughout 
India, is quite hardy, and is grown far north into the Punjab region. While 
it thrives best under moist conditions, it will nevertheless withstand much 
drought. " 

Distribution. — ^A tree found in the lower Himalayan forests in Bengal, and in 
central India; generally planted in India and Ceylon and the Malay Archi- 
pelago. 

32807. GLEonsiA ferox Desf. 

DistribtUion. — ^A tree with stiff, straight spines, found in the northern part of 
China; often cultivated as an ornamental. 

32808. Gmblina arborea Roxburgh. 

'^Native name Khumbar. Considerably grown as a shade tree in the upper 
Ganges Valley. Deciduous, growing 40 to 50 feet high, and with a round, 
compact crown. It should do well in southern California. " 

Distribution.— A large tree bearing dull-yellow flowers in panicles, found 
throughout India from the base of the Himalayas southward and eastward, and 
extending through the Malay Archipelago to the Philippines. 

82809. Heterophraoma adenophyllum (DC.) Seem. 

"A very handsome shade tree with abundant yellow blossoms; much grown 
at Lucknow. '' 

Distribution. — ^A medium-sized tree with stout panicles of large yeUowish 
brown flowers, found in the eastern part of India, extending from eastern 
Bengal and Assam southward through Burma to Tenasserim and the Andaman 
Islands. 

32810. Holarrhena antidysxntbrica (Roth) Wall. ConeaoL 

DistribiUion. — ^A small tree found on the tropical slopes ol the Himalayas and 
throughout the drier f oiesti of India. 
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89784 to 32826— Continued. 

82811. HoLOFTELBA iNTBORiFOUA (Roxb.) Planchon. Indiaa-elm. 

JHitribution, — A large, spreading tree found in India from the lower ranges 
of the Himalayas southward and eastward to Ceylon and Cochin China. 

82812. Kydia CALTCikX ^^xburgh. 

DUtrxbution. — A tree with large panicles of white or pink flowers, found in 
India from the tropical slopes of the Himalayas in Kumaon eastward to Burma 
and southward to the Coromandel Coast. 

82818. LAOEaSTROBXIA FARVIFLORA RoxbuTgh. 

Dittribittion. — ^A tree with small white flowers found in India from the base 
of the western Himalayas southward throughout the Dekkan Peninsula. 

82814. Laobbstroemia sPBaosA (L.) Persoon. 

"A beautiful tree cultivated throughout India, producing a great abundance 
ci beautiful purple flowers. . It is closely related to the crape myrtle of the 
South, but the flowers are much laiger and handsomer. It should succeed in 
Florida and southern California. " 

8281ft. Lantana sp. 

82816. Lbdgabna olauga (L.) Bentham. 

82817. Ntctanthbs arbor-tristis L. Bozviiigar. 

''A dwarf tree with spreading top and highly scented white flowers. '* 

Ditlnbuiiion. — ^A small tree with flowers in heads* fotmd in India at an elev»- 
tkii of 1,000 to 3,000 feet; generally cultivated in the Tropics. 

82818. Oroxtlon indicum (L.) Vent. 
See No. 29183 for description. 

82819. OwHNiA cbrarifera F. Mueller. Qaeenalaad-pliinou 
"A handsome evergreen tree; the fruit is eaten. " 

Dittnbuiion.—A small tree growing along the Burdekin River in Queensland, 



82820. Parxinsonia acvlbata L. 

82821. Phoenix farinifbra Roxburgh. 

''The leaves of Phoenix farintfera are made into coarse sleeping mats in India, 
while the split petioles are fashioned into baskets. In China the fiber is used 
for brushes." (Dodge, Uuful Fiber PUmts.) 

''A dwarf species, adapted to sandy and otherwise dry and barren land, but 
prefers the vicinity of the sea. Berry shining black, with a sweet mealy pulp. " 
(MueUer, Select PlanU,) 

Di$tnbution, — ^Along the Coromandel Coast of southern India, and in the 
northern part of Ceylon. 

82822. Phoenix faludosa Roxburgh. 

"A stout Indian species, not very tall, of value for decorative culture." 
(Mueller, Select PUmts.) 

"The leaves supply material for rough ropes in the Sundarbans, which are 
used for securing boats, logs, etc., and its leaves are also employed for thatch- 
ing." (Dodge, Ue^fiU Fiber Planti,) 

DietrUmHon, — ^A small tree found at the mouths of rivers along the coast of 
India from Bengal to Burma and in the Andaman Mands; also iu Siam and 
Cochin 
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32784 to 32826--Continu6d. 

33828. Phoenix zbtlaniga Trimeii. 

A moiBt low-growing species occtimiig in Geylon, attaining a lie%lit of from 
6 to 20 feet, and much reeembling Phoenix ty/ueffCru. 

DiBinbution.^k small tree growing in the southern and western parts of 
Ceylon. 

82824. Phtllanthus bmblica L. BmbUe myrobalaii. 

82826. Toon A ciliata Roemer. ''Toon tree." 

''A splendid, rapidly growing shade tree much grown in northern India. It 
produces excellent timber. " 

32827 and 32828. Pistacia vera L. Pistache. 

From Russian Turkestan. Purchased from Mr. Vladimir F. Gnesin, Taahkend. 
Received February 16, 1912. 

Seeds of the following; quoted notes by Mr. Gnesin: 

82827. "From north of Andijan about 00 miles. From Isboskent north 38 
miles. Altitude about 4,000 feet. " 

82828. ''From east northeast of Andijan near Tcharvok. Altitude about 
3,000 feet. " 

32829 to 32836. 

From Imperial Estate "Muigab," Bairam-Ali, Oasis of Merv, Russian Turkestan. 
Received through Mr. Frank N. Meyer, agricultural explorer, Bureau of Plant 
Industry, February 19, 1912. Collected by him in November, 1911. 

Trees of the following; quoted notes by Mr. Meyer: 

82829. Ulmus dens a Litvinov. Elzn. 
" (No. 997.) An ornamental elm, forming a dense head of branches, which are 

often clothed with corky wings. Stands great heat and a fair percentage of 
alkaline matter in the soil. Bears the name of Stamboulf implying, perhaps, 
that it came from Constantinople. ** 

DittrUmtion. — The province of Bokhara in the southern part of Turkestan. 

82880. Uufus DBN8A Litvinov. bitw 

"(No. 996.) An ornamental elm, much like the former, but not of as strong 
growth. Head globular when young, but as it grows older it loses (his regu- 
larity of outline and often requires a large space to come to full maturity. This 
variety is locally called Kitauky, implying that it came from CSuna. " ( Meyer. ) 

82831. Ulmus sp. Biwi, 

"(No. 999.) A variety or periiaps a species of elm called Charavifhiy. It is 
of remarkably dense growth, sprouting out a little distance above the ground, 
into a number of stems, which form an umbrellalike head of foliage, which is so 
dense that it seems always twilight, even at bright noon, in an avenue of these 
trees. This elm apparently profers a climate with long, hot summers and win- 
ters not too cold. It withstands a fair amount of alkali in the soil and in the 
irrigation water and would be of special value as a shade tree in the hot and dry 
interior valleys of California, in Arizona, Texas, and New Mexico.'' (Meyer,) 

Note: "The Turki name for elm is Karagatch or Karayagatchy meaning black 
wood. The Russians in Turkestan, however, have come to give the name 
Karagatch exclusively to the roundheaded, densely growing varieties of elms." 
{Meyer,) 
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32820 to 82836— Continued. 

838dd. PRUNUS ARMBNIACA L. ApViOOt. 

"(No. 1000.) A native central Asian variety, called Bjelaia Zweada, meaning 
white star. Origioated in the oasis of Samarkand. Fruits laige, of pale-yellow 
color, very aromatic. ' ' ( Meyer. ) 

82833. Pruntjb akmvniaoa L. Apxioot. 

"(No. 1002.) A native central Asian variety of apricot, called BenramrAli, 
Said to be of excellent qualities." {Mejfer,) 

32834. Prunus armbniaca L. Apzioot. 

"(No. 1001.)" Cuttings ol this received under S. P. I. No. 32348. See 
this number for descnption. 

82836. Pevnus armbniaoa L. Apzioot. 

"(No. 1003.) " Cuttings ol this received under S. P. I. No. 32349. See this 
number for description. 

82836. Prunus armbniaca L. Apzioot. 

"(No. 1004.) " Cuttings received under S. P. I. No. 32360. See this number 
for description. 

S2837. Languas oalanqa (L.) Stuntz. Gtalangale. 

From the island of Cebu. Presented by Mr. O. W. Barrett, Chief, Division of 
Experiment Stations, Bureau of Agriculture, Manila, P. I. Received Feb- 
ruary 19, 1912. 

"This root is used in place of ginger, or perhaps in preference thereto. The plant is 
known in the Visayas as LangcauM and as lAmcou in Pampanga, Luzon; it is only 
aemicultivated anywhere. It is used both raw and cooked with fish and meats." 
{BarreU.) 

32840 and 32841. 

From Mexico. Presented by Dr. C. A. Purpus, Zacuapam, Huatusco, Vera 
Cruz, Mexico. Received February 19, 1912. 

Seeds of the following; quoted notes by Dr. Purpus: 

32840. Pedilanthus afhtllus BoisB. 
"Wax plant from Tehuacan, PuebhL** 

32841. Pinus OREOon Engelm. Pine. 
"From Esperansa, Puebla." 

82842. Persea amebicana Miller. Avocado. 

From Guatemala City, Guatemala. Presented by Mr. Geo. A. Bucklin, jr., 
American consul general. Received February 20, 1912. 

"Seeds of the round variety from Amatitlan." 

82843 and 32844. 

From Manila, Philippine Islands. Presented by Mr. 0. W. Barrett, Chief, 
Division of Experiment Stations, Bureau of Agriculture. Received February 
20, 1912. 

"Roots of the following plants which are found in comparatively moist situations 
and in half shade; should prove desirable ornamentals.'' (BarrtU,) 

82843. (Undetermined.) Axoid. 

32844. (Undetermined.) 

"A zinziberaceous plant that reaches a height of 10 to 15 feet." {BarreU,) 
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32846 to 32859. Phoenix dactylifera L. Date. 

From Gourara, Algeria. Presented by Dr. L. Trabut, Algien, Algeria, at the 
request of Mr. Walter T. Swingle, of the Bureau of Plant InduBtiy. Received 
February 19, 1912. 
Fniitfl of the foUowing; notes by Dr. Trabut: 

83846. Timetbmel, From the oasis of Oulad Said. 

82846. TinunuijedeL From the oasis of Oulad Said. 

32847. Tinakorr, From the oasis of El Barka. 

32848. Tmhoud, From the oasis of Heha. 

32849. Filial, From the oasis of Adjediial. 
82850. Adham el Hejd, From the oasis of El Barka. 

85)861. Tazenait, From the oases of Timimoun and Oulad Stid. 

82852. Takarbouekett. From the oasis of Timimoun. 

82868. Tinasser. From the oasis of Heha. 

82864. Ahartann. From the oasis of Timimoun. 

82866. Tinaa89(m. From the oasis of Oulad Said. 

82866. Timdjovhart. From the oasis of Timimoun. 

32867. Tvmleah. From the oasis of Timimoun. 

Note: Name on sack containing these fruits was ISmUha, 

32868. TUemton, From the oasis of Timimoun. 

32869. Degla, From the oasis of Taghouzi. 

32860. Prunus pseudo-cerasus Lindl. 

Japanese flowering: cheny. 

From Yokohama, Japan. Purchased from the Yokohama Nursery Go. Received 
February 19, 1912. 
Seeds of the flowering cherry from the island of Oshima, for use in experimenta to 
find a suitable stock for the double- flowered varieties. 

82888. DiospYRos lotus L. Wild persimmon. 

From Tangsi, China. Presented by Rev. Alex. Kennedy, throu^ Rev. J. 
M. Famham, Shanghai, China. Received February 14, 1912. 

Cuttings. 

32884 to 32886. Diospyros kaki L. f. Persimmon. 

From Hiroshima, Japan. Purchased from Rev. H. Loomis, Yokohama. 
Received February 23, 1912. 

Cuttings of the following; names and notes by Rev. Mr. Loomis: 

82864. ^'Giumbo. Supposed to be scions of this variety, which is considered 
the best in Japan for drying." 

82866. ''Saijo:' 32866. "GtuAo." 

32867 to 32872. Diospyros kaki L. f. Persimmon. 

From Kawanishimura, Settsu, Japan. Presented by Mr. M. Kiahimotp, Japan 
Nursery Co. (Ltd.). Received February 24, 1912. 

Plants of the following; quoted notes by Mr. Kishimoto: 

82867. ''Guaho. Shape flat, taste sweet.' 
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88867 to 8887S— Continued. 

82808. ''JPtiyu. Luge, ffweet variety/* 

82800. ''Iftfio. Very large, astringent variety.^* 

82870. '*Kubo. Very eariy, sweet variety." 

82871. No label. 

82872. No label. 

NoTB. — ^These two unlabeled plants are KubOf listed under S. P. I. No. 32870, 
and Hathiya, a long, astringent variety. They can probably be identified when 
they fruit. 

32873. Maxtrttia vinifeba Mart. Burlti. 

From Bahia, Brazil. Presented by Mr. Southard P. Warner, American consul. 
Received February 27, 1012. 

"A beautiful palm, which I saw in the greatest abundance in the swamps of Piauhy 
and Croyaz; it is called Buriii by the inhabitants, and is the McturiHa vinyfera of 
Martins. This plant is not only the most beautiful, but one of the loftiest in the coun- 
try; the leaves are fan shaped and form a large round ball at the top of the stem, after 
the manner of the Camahuba. It produces a great number of nuts about the size of a 
small egg, covered with rhomboidal scales arranged in a spiral manner; between these 
scales and the albuminous substance of the nut there exists an oily pulp of a reddish 
color, which the inhabitans of Crato boil with sugar and make into a sweetmeat. In 
Piauhy they prepare from this pulp an emulsion which, when sweetened with sugar, 
forms a very palatable beverage, but if much used it is said to tinge the skin a yellowish 
color. The juice of the stem also forms a very agreeable drink, but to obtain it the 
tree must be cut down, when several holes about 6 inches square, 3 deep, and about 
6 feet apart are cut in the trunk with a small axe, which in a short time become filled 
with a reddish colored liquid having much the flavor of sweet wine." ((?. Oardner, 
Travels in the Interior of Brazil, p. 171-172,) 

33874. Persea amerigana Miller. Avocado. 

From Guatemala City, Guatemala. Presented by Mr. S. Billow. Received 
February 26, 1912. 

"Seeds of an avocado stated to be the largest and most deliciously flavored variety 
that is grown in Guatemala. They are now (February 22) in season.'' {Billow,) 

32876. Citrus nobilis Lour.(?) Tangorine. 

Fnxn Algiers, Algeria. Presented by Dr. L. Tiabut. Received February 26, 
1912. 

''CUnunline.'' 

Cuttings. 

82877. TRmcuM durum Deaf. Whoat. 

From Atbazar, Akmolinsk district, Siberia. Received through Mr. Frank N. 
Meyer, agricultural explorer, Bureau of Plant Industry. Received February 
27, 1912. 

"(No. 1745a, November, 1911.) A very large hard wheat, called Afrikanski, 
Obtained through Mr. £. H. Brittenham, assistant manager of the Omsk office of the 
International Harvester Co. of America. See No. 1631a (S. P. I. No. 32175) for further 
remarks." {Meyer.) ' 
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32878 to 32882. 

From Gianada, Spain. Received from Mr. Pedro Giraud, at the request of Mr. 
William A. 8. Davenhill, British consulate, February 26, 1912. 

Cuttings of the following; quoted notee by I>r. Guatav Eieen, Academy of Seiencee, 
San Francisco, Gal.: 

82878. Ficus carica L. Fig. 
**j9abella. This is cultivated extensively, I might say preferably, in and 

about Granada. It is a medium-sized fig, rounded turbinate, white in color, 
with reddish pulp. In shape it resembles the Ficut Mrta of Japan, with a well 
set neck. It is an exceedingly good fig and one of the best table varieties I 
have tasted . It was ripe in September and we still had good fruit in November, 
a long season for any fig. This fig, as far as I know, has not been introduced in 
California. *' 

82879. ViTis viNiFERA L. Grape. 
'' Jeredana. This is the predominant grape in Granada. It resembles the 

Verdal as grown in California, but is sweeter, though perhaps smaller in size. 
Its pulp is firm and stands shipment well, the large, white bunches apparently 
as perfect after having stood the transportation over country roads as if they 
had just been picked from the vine. It is a very desirable table variety and 
one which seems suited to a high altitude. It is also a good bearer, a hardy 
plant, and altogether a profitable grape. I have not observed it in California. " 

32880. Olea buropba L. Olive. 
*^Cuatro hermanoSf from Canales. These olives are of good size and early 

maturity, ripening in November. They occur always in fours, sitting close 
together and forming a cross with four arms on the very stem. It is said to be 
one of the best olives for both oil and pickling. The olive from this locality 
is considered one of the hardiest and is suited to districts situated on the limits 
of possible olive culture, Canales being about 4,000 feet above Granada and 
6,000 above sea level, and subject to heavy winds, heavy frosts, and winter snows. 
Still, olive culture is profitable around Canales and every available space of 
ground is covered with trees. " 

32881. Punica granatum L. Pomegraiiate. 

''Granados de la Vega. " 

32882. Cydonia oblonoa Miller. Quince. 
"From Antequera, said to be the best.'* 

32883 and 32884. 

From Spain. Received from Mr. Pedro Giraud, at the request of Mr. William A. 
S. Davenhill, British consulate, Granada, February 26, 1912. 

Seeds of the following; quoted notes by Dr. Gustav Eisen, California Academy of 
Sciences, San Francisco, Cal.: 

32888. CucuMis meld L. Muakmelon. 

**San Martin. This is the principal autumn fruit in Spain. It is related to 
the Casaba, but is of even better quality. Ripens from October to January. It 
is picked two weeks before being fully ripe and then kept in the dark. In 
shape it is oblong, rounded; skin rough with longitudinal green and warty 
ribs, between which the skin is colored bright green. Flesh transparent, 
yellowish amber to deep orange, solid, sweet, and highly flavored. A very 
superior variety, which can not be praised too highly. '' 

32884. Aluum cepa L. Onion. 

''Large white onion from Dilar.'* 
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S2886. Cthbofooon sp. Lemon grass. 

From Douglas Dale, Jeolikote Poet Office, United Provinces, India. Presented 
by the Superintendent, Kumaon Grovemment Gardens, Mr. Noanan GiU. 
Received February 28, 1912. 

Procured for the experiments with oil-producing grasses being carried on by the 
Office of Drug-Plant Investigations. 

Plants. 



DiospYRos sp. Persimmon. 

From Yokohama, Japan. Purchased from the Yokohama Nursery Co. Received 
February 28, 1912. 

Cuttings. 

38880 and 82881. Glycine hispida (Mpench) Maxim. 

Soy bean. 

From Blacksburg, Va. Grown by the Virginia Agricultural Experiment Station. 
Received February 27, 1912. 

Seeds of the following; quoted notes by Mr. W. J. Morse: 

32890. ''Duggar. Grown under No. 17268C at the Virginia Experiment 
Station, Blacksburg, Va., 1911. A field mass selection at Arlington Experi- 
mental Farm in 1907 out of S. P. I. No. 17268, Ito San. An olive-yellow seeded 
variety of medium maturity found especially promising in Alabama and 
Virginia. " 

89801. ''AiuUn. The progeny of S. P. I. No. 17263 grown under No. 17263 
at Virginia Experiment Station, Blacksburg, Va., 1911; originally from 
8. P. I. No. 6397 from Pingyang, Korea. This variety was also distributed 
under Agrostology No. 1539. A late olive-yellow seeded variety found espe- 
cially promising in Virginia, Tennessee, and southern Pennsylvania. " 

32882. Carex physodes Bieb. 

From Peshy Kara Kum Desert, Turkestan. Presented by Mr. W. W. Mackie, 
Esperanza, Sonora, Mexico, through Mr. D. A. Brodie, Acting Agriculturist in 
Charge, Office of Farm Management, Bureau of Plant Industry. Received 
February 29, 1912. 

^'This carex grows abundantly on the loose desert sand of the Peshy Kara Kum 
Desert of southern Turkestan. It produces excellent feed for horses, camels, sheep, 
donkeys, etc., with less than 4 inches of rain per annum. It grows only on the loose 
sand. The soil expert would class this sand as medium. To protect itself from the 
elements when the roots are exposed by the winds each root and rootlet gathers about 
itself a layer of sand several times its diameter, holding it against considerable strain 
and wear. '* ( Mackie . ) 

32884 to 32800. Phoenix dactylifera L. Date. 

J>om the Siwa Oasis. Procured by Mr. George J. Salem, Cairo, Egypt. Received 
February 26, 1912. 

Fruits of the following varieties; native names given by Mr. Salem; translations in 
parenthesis by Mr. Alexander Aaronsohn, Bureau of Plant Industry: 

32804. Frihy (spirited). 

32805. Gazaly (antelope). "This variety is not very productive, though its 
dates are marvelous in flavor, appearance, and power to keep long." (Salem.) 
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82894 to 83800— Continued. 

82806. QijfmrGamLy (antelope's abode). 

82807. Kaihy. 

82808. Saidy (from Said, rural). 
82800. Wedi (valley or creek). 
82000. WuU^cheil (mountain slope). 

8S901. DiosPTBos KAKi L. f. Pendzninon. 

From Algiers, Algeria. Presented by Dr. L. Trabut. Received March 2, 1912. 

''Bofufarik, A new variety. Fruit green, large, round, flattened, very good." 
(TVobttt.) 

82902. Nephblixtm lappaoeum L. Bambutan. 

From Buitenzorg, Java. Presented by Mr. W. G. (xobius, Secretary to the 
Department of Agriculture. Received March 1, 1912. 

See No. 25165 for general description of this fruit. 

82906 to 82909. GltgiNe hispida (Moench) Maxim. Soy bean. 

The following list represents some promising varieties of soy beans grown in 
quantity at the Arlington Experimental Farm, Virginia, in 1911. Numbered 
March 4, 1912, for convenience in recording distribution. 

Seeds of the following; quoted notes by Mr. W. J. Morse: 

32006. " Virginia. Grown under No. 19186D. A pure field selection at 
Arlington farm in 1907 out of S. P. I. No. 19186, from Newchwang, Manchuria, 
1906. A medium-late brown-seeded variety of considerable promise." 

82007. ''Peking, Grown under No. 17852B. A pure field selection at 
Arlington Experimental Farm in 1907 out of 8. P. I. No. 17852, Meyer, from 
Peking, China. A medium-late variety with small black seeds. Very 
prolific and especially promising as a hay variety." 

82008. ''ChettniU. Grown under No. 20405B. A field mass selection at 
Arlington Experimental Farm in 1907 out of S. P. I. No. 20405, Habaro, 
from Khabarovsk, Siberia, 1906. A medium-early brown-seeded variety of 
promise in the more northern States." 

82000. ''Atiburn. Grown under No. 21079 A. A field mass selection at 
Arlington Experimental Farm in 1907 out of S. P. I. No. 21079, Shingto, 
from Tieling, Manchuria, 1907. A black-seeded variety in Pennsylvania 
and New York." 

82910. Phytelephas aequitorialis Spruce. Ivory-nut palm. 

From Guayaquil, Ecuador. Presented by Mr. Herman R. Dietrich, American 
consul general. Received March 1, 1912. 

DistribiUion. — An erect palm, sometimes 20 feet high, found on the plains in the 
vicinity of Guayaquil and extending up the valleys in the Andes to an elevation of 
5,000 feet, especially toward Mount Chimborazo, in £k:uador. 

82911 to 82918. 

From Lawang, Java. Presented by Mr. M. Buysman. Received February 

26. 1912. 
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S2811 to 88818— C!ontinued. 
Seeds of the following: 

dMll. AB8CULU8 TURBINATA BluiDe. 

DiilributUm. — ^A tree found on wooded mountain slopes in the provinces of 
KiengBu and GheldaQg in China and in the islands of Japan. 
88912. Ptssocarta sorbifolia Sieb. and Zucc. 

DiHribution, — ^Wooded mountain slopes of Japan. 

88918. Randia vormosa (Jacq.) Schum. 

DutrQnUion. — ^The countries in the northern part of South America, including 
i, Colombia, Venezuela, and Peru, and the islands of the Caribbean Sea. 



88814 to 38816. 

Presented by Mr. Walter Fischer, Campo de Cultiua Experimental Paraense, 
Flua, Brazil. Received February 27, 1912. 

Seeds of the following; quoted notes by Mr. Fischer: 

88914. Sapindus sp. 

"A species of Sapindus, which I found along a roadside about 6 miles from 
Santarem. The tree grows to a height of 30 to 40 feet and is foimd along the 
borders of clearings. The natives were familiar with the saponifying property of 
the seeds, butasfiaras Icoidd learn made no use of them. Santaremis located 
at the north of the Tapajos on the Amazon, about 500 miles from Para." 

88916 and 88910. Pithrcolobiuic unouis-cati (L.) Benth. 

"Two varieties of seeds that I found and collected in Barbados. The local 
none is 'bread and cheese.* The seeds are from a very attractive ornamental 
anall tree much used as a border shrub and as a hedge plant for which latter 
purpose it is weU adapted. It has a clean foliage of compound leaves, each 
leaf consisting of a twin pair of obovate leaflets. What makes the plant most 
ooDspicuous and attractive is its heavy burden of dense panicles of pods, open 
and twisted when ripe and showing the shiny-black small seeds to each of which 
is attached a red or a white arillus. This hedge plant would be excellently 
adapted to southern Florida where it may already exist." 

38916. *'Seed with white aril." 

88916. <*Seed with red aril." 

DutnbutUm, — Sandy soil in southern Florida and in the West Indies and 
the tropical part of South America. 

88817 to 38878. 

FVom La Mortola, Ventimiglia, Italy. Presented by Plof. Alwin Beiger, cura- 
tor of the garden. Received March 2, 1912. 

Seeds of the following: 

88917. Ampblopsis hitmulitolia Bunge. 

DiitnbutUm. — A vine found in the province of Chihli, Sbingking, Kansu, 
and Hui>eh in China, and in Chosen (Korea), Formosa, and in Japan. 

38918. Aroania spinosa (L.) Skeels. Axgan. 

See Nos. 3490 and 28783 for previous introductions. 
88919. Aristoteua macqui L'Heritier. Haqui. 

See No. 26306 for description. 

88980. Berbebis globosa Benth. Barberry. 

See No. 31245 for previous introduction. 
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32917 to 32973 -Continued. 

32021. BEaBKBis ouiHPKu Koch and Bouche^ Bftrbersy. 

32022. Berbebis jafonica bealmi (Fortune) Skeeh. Barberry. 
See Nof. 31244 and 32700 for previous intioductiona. 

32023. Bebbebib napaulenbbs (DO.) Spreng. BBrtexxy. 
See No. 28839 for description. 

32024. Oajupttti CTrncixLARis (Labill.) SkeeU. 

(Melaleuca eutiadaris Labill. 1806, Novae Holland i— Plantarum 8peci> 
men, vol. 2, p. 30, pi. 171.) 

32025. Gajuputi ebicipolea (Smith) Lyons. Bottt^-bmali taa-tree. 

See No. 30793 for previous introduction. 

32026. Gajuputc htpbbicifolia (Salisb.) Skeels. Hillock tree. 
See No. 30761 for previous introduction. 

32027. Gajuputi pubebcbnb (Scbauor) Skeela. 
See No. 30795 for previous introduction. 

32028. Gajuputi pulchella (R. Br.) Skeels. 

(MeUaeuM puleheila R. Br. 1812, Aiton Hortus Kewensis, ed. 2, vol. 4, 
p. 414.) 

32020. Gajuputi wilsoni (Mueller) Skeels. Wilson's tea-tree. 

{MelaUuca wiUoni Mueller 1861, Fragmenta Phytogtaphiae Australiae, 
vol. 2, p. 124, pi. 16.) 

The reason for the use of the generic name Gajuputi in place of Melaleuca is 
explained in Inventory No. 27 (Bulletin 242, Bureau of Plant Industry^ U. S. 
Dept. of A^culture, 1912, p. 39.) CajupuH ciUiailans is a tall shrub or small 
tree and C puldtella is a low, spreading shrub, both growing along streams in 
West Austailia. C. wiUom is a tall shrub found in Victoria and South Australia. 

32080. Cbltts audibbbtiana Spach. Kadcberxy. 

This species is generally referred to C. occidentalu L. As the latter is now 
considered to cover several distinct forms it is thought best to retain the present 
name until the material can be grown. 

32031. GoLUTEA ciLiacA Boiss. said Bal. 

DUtrilmtUm. — A shrub found on the coast and on the slopes of the mountains 
in the southern part of Asia Minor from Smyrna to Gilicia. 

32032. GoTONEASTEB APFINI8 Lindl. 
See No. 28207 for previous introduction. 

32033. GOTONBASTEB BUZIFOUA Wall. 

Distrilmtion.— On the slopes of the Nilgiri Hills in the southern part of India. 

32034. GOTONEABTEB MICBOPHYLLA Wall. 

DistrUmHon. — ^A shrub found on the temperate slopes of the Himalayas at 
an altitude of 4,000 to 8,000 feet, between Kashmir and Bhutan in northern 
India. 

32035. COTONEASTBR MICBOPHYLLA THTMIFOUA (Loud.) Kochue. 

Distribution.— A low shrub found on the alpine slopes of the Himalayas 
from Kashmir to Sikkim in northern India. 

82036. GoTONEASTER PAKNOSA Frauchet. 

Dittribution. — A low shrub found on limestone ledges of the mountains in 
the province of Yunnan in Ghina at an elevation of 10,000 feet. 
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88817 to 3287S— Continued. 

d2M7. CoTONBAflfTBB KGTITNDirOLUL Will. 

See No. 28211 for previous introduction. 
32988. GoTONKASTBB smoNsi Baker. 

A half-hardy shrub. See No. 28212 for distributioii of this epedM. 

82989. CoTTLBDON BAKBBTi Schweinf. 

Dutnbution. — An exquiflite plant for carpet bedding found on the slopes of 
the mountainB in the province of Yemen in western Arabia. 

82940. Elabaonub latifoua L. 

DutribiUion. — From the subtropical and temperate slopes of the Himalayas 
southward to Ceylon in India, and throughout the Malay Archipelago. 

82941. X Elabagnus pttnqbns rbplbza (M. and D.) Rehd. 

A spreading shrub, considered to be a hybrid between Elaeagnia pungeru 
and E. glabra. 

82942. Fraxinus oknus L. Ash. 

Distribution. — A small tree found in southern Europe and western Asia, 
extending from Spain through southern France and Germany, Italy, and 
Greece to Asia Minor and Syria. 

82948. Gbranium palmatum Cav. 

Diitributicn. — ^A herbaceous perennial found in the Canary Islands. 

82944. Grbvillba thblbmanniana Huegel. 

DitiriJbfUion, — ^A spreading shrub with racemes of pink flowers, found in the 
'vaHey of the Swan River in West Australia. 

82946. Ilbx cornuta Lindl. and Paxton. Chinese holly. 

See No. 22979 for description of this species. 

82946. PODACHAENIUM EMINBN8 (Lag.) Balll. 

See No. 28850 for description of this species. 

82947. Rhus excisa fallens (Eckl. and Zeyh.) Sond. 

Digtribution.—'A shrub found in the Uitenhage and Albany districts of 
South Africa. 

82948. Rosa aorbstis Savi. Rose. 

Distribution. — Western and southern Europe, extending from Sweden and 
Denmark southward through France to Italy, and in Morocco, Tunis, and 
Algiers. 

82949. Rosa ctmosa Trattinick. Bose. 

DistribiUion. — ^The provinces of Eiangsu, Chekiang, Kiangsi, Fokien, Hupeh, 
Kwangtung, and Hongkong in China. 

82960. Rosa damasobna Miller. Rose. 

82961. Rosa damasobna triqintipetala (Dieck) Koehne. 

Distribution. — This is the form of Rosa damascena which is cultivated in Rou- 
melia for the production of rose oil. 

82962. Rosa fendlbri Crepin. Rose. 
82968 to 82966. Rosa indica I». Bose. 

32968. Variety borboniea. 

32964. Variety nutjor. 

82966. Variety semper flor ens fi. simpi. 
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82917 to S2973— Continued. 

32956. Rosa leschenaultiana (Red. and Thoiry) Wight and An. 

Distnbution.--^he slopes of the NUgiri and Pulney hills in the 
peninsula of India. 

82967. Rosa ltellu Lindl. 

DiHrHmtian, — ^The province of Nepal in northern India; considered by some 
authorities to be a climbing form of Ro$a involuaxita Roxb. 

82958. Rosa oxyodon Boiss. Boae. 

Distribution. — The slopes of the eastern part of the Caucasus Mountains at an 
elevation of 6,000 feet. 

82959. Rosa Phoenicia Boiss. Boae. 

DiatrUnuion. — Along the shores of the Mediterranean in Asia Minor and 
Syria. 

82960. Rosa sempehvirens L. &oa#« 

Distribution. — Southern Europe, extending from Portugal and Spain eastward 
through southern France, Italy, and Greece to Asia Minor, and in northern 
Africa. 

92961. Rosa ssRAPiNn Viv. 
Distribution. — The islands of Corsica, Sardinia, and Sicily, and in Italy. 

82962. Rosa souueana Crep. 
See No. 21747 for description. 

82963. Rosa spinosissima L. 

Distribution. — Central Europe and Asia, extending from the British Isles 
and northern Spain eastward through Europe and Asia to Manchuria and 
northwestern China. 

82964. Rosa tom bntella aluonh (Bumat) Keller. &oae. 
Distribuzion. — The slopes of the Maritime Alps between France and Italy. 

82965. Rosa virginiana Miller. 
See No. 28244 for previous introduction. 

82966. Rosa xanthina Lindl. 
See Nos. 28978 and 21620 for description. 

82967. Rosa sp. 

82968. Tecom A pandorana (Andrews) Skeels. 

(Bignonia pandorana Andrews 1800, Botanists' Repository, vol. 2, pi. fIS,) 

The seeds of this Australian trumpet flower were received under the name 
Teeoma australiSy which was published in 1810 by R. Brown (Prodromus, p. 471). 
Brown cited *' Bignonia pandorea Andr." Andrews spelled the specific name 
'* pandorana,** and this name, being earlier, is here restored. 

Distribution. — Found in North Australia, Queensland, New South Wales, 
and Victoria, in Australia. 

82969. PoDRANEA RicASOLiANA (Tauf.) Sprague. 

Distribution.— A climbing shrub found in thickets at the mouths of streams 
in the eastern part of Cape Colony. 

82970. X Tritoma coraluna Hort. 

A hybrid between Tritoma maoowani (Baker) Skeels (Kniphojia maoowani 
Baker, 1874, The Journal of Botany, vol. 12, p. 3), and T. uvaria (L.) Ker. 
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32817 to 32978— C!ontinued. 

82971. Tbitoma natalbhsu (Baker) SkeeU. 

{Kniphofia natalentiB Baker, 1886, The Journal ol Botany, vol. 23, p. 278.) 

82972. TiUTOMA nklsoni (MasterB) SkeelB. 

(Kniphojia nelsoni Masters, 1892, Gardeners' Chronicle, ser. 3, vol. 11, 
p. 554, fig. 83.) 

The necessity for using the generic name Tritomi for the plants usually 
referred to the genus Kniphofia is explained in Inventory No. 24 (Bulletin 
223, U. S. Department of Agriculture, Bureau of Plant Industry, 1911, p. 25). 

These species are all natives of South Africa, Tritoma maeotDoni being found 
in the central und coast regions, T, ncaalentit in Natal and T, nekom in the 
Orange Free State. 

82978. Tbttom A TucKn (Baker) Skeels. 

See No. 28526 for distribution of this species. 



3287S to 88006. 

From Tiflis, Caucasus, Russia. Presented by Mr. D. A. Rolloff, Director, Botanic 
Garden. Received March 2, 1912. 

Seeds of each of the following: 

82976. AcsB trautvettbri Medw. Maple. 
See No. 30531 for distribution of this species. 

82976. A8TBAOAL0S BUNOBANUS Boiss. 

DutrUmtion. — Stony mountain slopes in the Caucisus region of southeastern 
Russia. 

82977. Astragalus sp. 

This was received under the name A$tTaffdlu9 cyti Fomin, but as yet the 
place of publication of this name has not been found. 

82978. Astragalus kadshorbnszs Bunge. 

DistribiUion. — Slopes of the motmtains in the Tiflis region of southeastern 
Russia. 

82979. Astragalus migrocbphalub Willd. 

DutnbiUion, — On the sloj^es of the mountains in the northeastern part of Asia 
Minor and the southeastern part of Russia. 

82980. AffTRAOALUS URANIOUMNEUS BoiSB. 

Distribution. — On the mountains in Armenia. 

82981. Celtis caucasiga Willd. 

See No. 30575 for previous introduction. 

82982. CoRNus austraus Meyer. 

See No. 30570 for distribution of this species. 

82988. Dafhnb olboidbs Schreber. 

Distribution. — A shrub found on the subalpine mountain slopes in southern 
Europe, extending from Spain through Italy, Qreeoe, and Turkey to Asia 
Minor and Syria, and in Algeria. 

82984. Elabaonus angustivgua L« Oleaster. 

See No. 31822 for description. 
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32975 to 33006— Continued. 

32985. H ED ERA coLcmcA Koch. 

DistnfnLtum.—Tbe Tnnfl-GaucatdAn region ol aoutheaBtorn Ruaria, and in 
northern Persia. 
82986. Iris gaucasica Hofifm. Iris. 

Diatnbuivm. — A pale or bright yellow-flowered iris, found in the Caucasus 
region of southeastern Russia and eastward through Asia Minor and Persia to 
Turkestan; ascending to an elevation of 6,000 feet. 

32987. Iris reticulata Bieb. Irii> 
Flowers bright purple, very fragrant. 

DulnlmXion. — Same as No. 32986. 

32988. JuNiPERUS EZCELSA Willd. Juniper. 
See No. 26688 for description. 

82989. JuNiPERUS FOETiDissnf A Willd Joziiper. 

See No. 29246 for description. 

32990. JuNiFERUs ozYCEDRUS L. Juziiper. 
See No. 26884 for description. 

32991. Lallemantia ib erica (Bieb.) Fisch. and Meyer. 
See No. 29932 for description. 

32992. Lathtrus rosbus Steven. 

A hardy herbaceous climber with beautiful rose-colored flowen. 

DutriJtyuJtum. — ^Wooded mountain slopes in the Trans-Causaaian region of 
Russia and in Asia Minor. 

32993. Lathyrus RoruNDiFOLnrs Willd. Pendaa everlasting pea. 

''A low-growing winged species with laige, rose-pink flowers is of easy culture 
requiring a cool, shady, and sheltered position. Adapted to stony banks." 
{Bailey* s Cyclopedia of American Horticulture, p. 888.) 

IH$tribulion. — Southeastern Russia, Asia Minor, and the northern part of 
Persia. 

32994. Laurocerasus officinaus Roem. Laiorel cherry. 
See Nos. 27360 and 27684. for description. 

32995. LoNiCKRA bracteolaris Boiss. and Buhse. Honeyaackle. 

Distribution. — A shrub found in the vicinity of Tassakend in the province of 
Earabagh in the Caucasus r^on of Russia. 

32996. Taeosijl MLOKOSEwrrscm Lomakin. Peony. 
See No. 27674 for description. 

32997. Paeonia wtttmanniana Hartwin. Peony. 

Distrilmiion. — Subalpine slopes of the mountains in the northern part of 
Persia. 

32998. Pautjbus spina-christi Miller. CQixist's-thom. 
See No. 26879 for description. 

32999. Pistacia mutica Fisch. and Meyer. 

See No. 9474 for description. 

Distribution. — On the lower slopes of the mountains in Asia Blinor, Persia, and 
western Afghanistan. 
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32975 to 83006— Continued. 

33000. POPULUB TREMULl. L. PoplftT. 

See No. 29098 for deecriptioii. 
83001. Ptbus nivalis elakaorifolia (Pall.) Scbneidar. Wild pear. 

See No. 27670 for description. 

33002. Rhamnus pallasii FiBcher. 
See No. 27669 for description. 

33003. SoLANUM NIGRUM L. Nightshade. 
83004. SoLANUM nigrum L. Nightahade. 

Variety chtorocarjKm. 

88006. Trifolium anoustipouum L. Clover. 

See Nos. 7753 and 9750 for previous introductions. 

DiitrihutUm. — The countries bordering on the Me<)iterranean from Spain to 
Syria, and in northern Africa. 

33006. ViciA PERsiCA BoisB. 

Diitrihution. — ^Alpine r^ons of Armenia and norlbwestem Persia. 

33007. Hibiscus hutabilis L. 

From Riaying chow, China. Presented by Mr. George Campbell. Received 
March 5, 1912. 

"This is a showy plant with blossoms something like a hollyhock; with me it grew 
to be about 3 feet high by blossoming time, and had a profusion of great double flowers 
with five centers; hence called ng-Am-tOy or five-heart-blossom, Fu-yung. More than 
half of them blasted and dropped off, but those left fairly weighed down the little 
tree. It blossomed November 2. This double kind is rather rare, but is propagated 
by cuttiiigB. " ( CampheU. ) 

DiitrihuHcm, — Common in China, except ir. the colder parts, both wild and culti- 
vated; also cultivated in most warm countries. 

33008 to 33068. 

From Kew, England. Presented by Dr. David Plain, Director, Royal Botanic 
Garden. Received February 3, 1912. 

Seeds of the following: 

33008 to 38013. Herbaceous plants. 

33008. Chrysanthemum aNERARiAEPOLiuM (Trev.) Vis. 

Pyrethrum. 

33009. Hypericum praoile Heldr. and Sart. 

Diitrihution. — ^A very low-growing Hypericum found in the fissures of 
the rocky slopes of the Delphi Mountains in the vicinity of Steni, in east- 
em Greece. 

83010. Meconopsis aculeata Royle. 

Diftnhuiion. — ^A herbaceous perennial with blue-purple flowen? found 
on the Himalayas from Kashmir to Kumaon, in northwestern India. 

83011. Meconopsis cambrica Viguier. Welah-poppy. 

Diitrihviion. — A herbaceous perennial with pale-yellow flowers found 
in rocky places in the woods in western Europe from the British Isles 
southward to Spain. 

74600*— Bull. 282—13 — ^ ' 
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83008 to SS068— Continued. 

88008 to 88018-— Continued. 

88012. Meconopsis hetbrophtlla Benth. 

Dutri&utum.— From the San Frandsco Bay region Kmthwaid to eouth- 
em California. 

38013. Meconopsis racemosa Maxim. 

Distribution. — A herbaceous perennial found in the province of Kansu, 
in the northwestern part of China. 

83014 to 33068. Trees and shrubs. 

38014. Acer nikoensb (Hiq.) Maxim. Maple. 

A very distinct species; leaves turn brilHant scarlet in autumn. 

Distribution. — ^The wooded subalpine slopee of the mountains in the 
islands of Tozando and Kiushu, in Japan. 

83015. Berberis acuminata French. Barbezry. 

See \o8. 22545 and 29957 for previous introductions. 
88016. Berberis anoulosa Wall. Baibezry. 

See No. 27115 for previous introduction. 
83017. Berberis aristata DC. Bazbezry. 

See Nos. 27116 and 32789 lor previous introductions. 
88018. Berberis concinna Hook. f. Baxbezry. 

See No. 27117 for previous introduction. 
88010. Berberis dictyophylla Franch. Barbezry. 

See Nos. 27118, 27400, and 27401 for previous introductions. 

88020. Berberis hookerh Lemaire. Barbezry. 

Di'^tribution. — Supposed to be a native of the slopes of tiie eastern 
Himalayas, in northern India. 

83021. Berberis orthobotrys Bienert. Barbeziy. 

Di tribution. — In the province of Kashmir and in northern India, in 
Afghanistan, and in northeastern Persia. 

83022. Berberis parvipolia Sprague. Barberzy. 
See No. 29958 for previous introduction. 

88028. Berberis umbellata Wall. Barberry. 

See No. 27121 for previous introduction. 

88024. Berberis sp. Barbeziy. 

This was received under the name Berberis vUmoriniana, but as yet 
the place of publication of this name has not been found. 

83025. Berberis yunnanensis Franch. Barberzy. 

Distribution. — On the slopes of the mountains at an altitude of 10.000 
feet in the Province of Yunnan, in southwestern China. 

88026. Clematis Montana Hamilton. dematiB. 

Variety rubens. 

88027. COLUTEA ARBORESCENS L. 

See Nos. 1570 and 30786 for previous introductiona. 

88028. CoLUTEA sp. 

This was received under the name Cokuesi buUata, but as yet the 
place of publication of this name has sot been found. 
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88008 to 33068— Continued. 

88014 to 38068-Oontmu6d. 

88029. CoLUTBA larrmA Miller. 

DutnbtUum.^A tall flhjrub found in the nMrantaiaa ol Syria and eouth- 
ward through Arabia to Abyssinia. 

38030. X GOLUTEA MEDIA Willd. 

Considered to be a hybrid between ColtUm arborttetna L. and C 
crientaUs Miller. 

33031. GoTONEABTEE AFRNis Lindl. 

See No6. 28207 and 32932 for previous introductions. 
88032. CoTONEASTSR AFFiNiB BAOLLABiB (Wail.) Schneider. 

See No. 28208 for previous introduction. 
83088. CoTONEASTBR APPLANATA Arran^sr. 

See No. 29963 for previotti introduction. 

88084. COTONBABTBE EULLATA BoiS. 

See No. 29964 for previous introduction. 

88086. GOTONEASTER BUZIFOUA Wail. 

See S. P. I. No. 32933 for distribution. 

Digtribution.'-On the slopes of the Nilgiri Hills in the southern part of 
India. 

88036. GOTONEASTER FRANCHETI Bois. 

Di»trihutvon.—^n the mountain slopes in Tibet and in the province of 
Yunnan in southwestern China. 

88087. COTONEASTBR FRIOIDA Wall. 

Di»tnhutum.—A tall shrub or small tree found on the slopes of the 
Himalayas at an altitude of 7»000 to 10,000 feet in the provinces of Nepal 
and Sikkim in northern India. 

83088. GOTONEASTER HORIZONTAU8 Decaisue. 

See Nos. 1595 and 28209 for previous introductione. 

88039. GOTONEASTER INTBORRRXMA ModlC. 

See Noe. 22695 and 29966 for previous introductiona. 

83040. COTONBAETER UNDLETI Stoud. 

IHatribtUvm.'-On the slopes of the Himalayas in Kashmir, India, and 
in Afghanistan. 

63041. GOTONEASTER MICROPHTLLA OLAGIAU8 Hook. 

83042. GOTONEASTER MICROPHTLLA THTMiTOLiA (Lood.) Koehne. 
See No. 32935 for previous introduction. 

THUribulum.—A low shrub found on the alpine slopes of the Himalayas 
from Kashmir to Sikkim in northern India. 

88043. GOTONEASTER PANN08A Franchot. 

See No. 32936 for previous introduction. 

83044. GOTONEASTER RACEMiFLORA NUMMULARU (Pisch. and Mey.) 
Dipp. 

88045. COTONSABTER ROTUNDIFOUA Wall. 

See Nos. 28211 and 32937 lor previous introductions. 
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33008 to 33068— Continued. 

33014 to 33068— Continued. 

88046. CoTONEASTEft 8IMON8I Bak«r. 
8ee Nofl. 28212 and 32938 for previous introductions. 

88047. Ck>TONEA8TBft 8p. 

(Forrest, 5546, China.) 

88048. Elaeaonus muluflora Thunb. 01eAst«r. 

See No. 2670 for description. 

Distribution. — Throughout Japan, where several varieties are culti- 
vated for their fruit, and in the provinces of Kiangsi and Hupeh in China. 

88049. Enkianthus campanulatus (Miq.) Nichols. 

DistribtUion. — On the subalpine slopes of the mountains in the islands 
of Hondu and Hokushu in Japan. 

88060. ExocHOROA alberti Regel. 

A shrub found in Bokhara in central Asia. 
See No. 1767 for previous introduction. 

88061. LiousTRUM sp. Priret. 
(Forrest, 5984, China.) 

88062. LoNiCERA HBNRTi Homsl. Honeysuckle. 

DistribtUion. — A climbing shrub found in the Patung district of the 
province of Hupeh in China. 

88068. LoNiCERA MAACKn (Bupr.) Herd. Honeysuckle. 

See No. 22548 for previous introduction. 

Distribution. — ^The provinces of Shingking, Kiangsi, Kiangsu, and 
Hupeh in China, and in Manchuria and northern Japan. 

88064. LoNiCBRA PERiCLTMENUM L. Honoysuckle. 

Variety helgica. 

38066. LoNiOBRA XTLosTEUM L. HoneysucUe. 

DistribtUion. — ^Throughout Europe and northern Asia, extending 
southward to the Caucasus and the valley of the Amur. 

88066. Malus medwietzxtana Dieck. 

See Noe. 27123 and 30250 for previous introductions. 
83067. Malus sixxncENsis (Hook, f.) Koehne. 

See No. 27127 for previous introduction. 

88068. Rhamnus sp. 

88069. Rhamnus franoula L. Alder buckthorn. 
See Nos. 2179, 30248, and 30573 for previous intJt)ductions. 

83060. Rhododendron caucasicum Pallas. 

DistribtUion. — Alpine summits of the Caucasus Mountains in south- 
eastern Russia. 

83061. Sofhora davidi (Franchet) Skeels. 

{Sophora viciifolia Hance 1881, Journal of Botany, vol. 19, p. 
209; not 8. vidaefolia Salisbury 1796, Prodromus, p. 328.) 

(Sophora moorero/tiana davidi Franchet 1883, Nouvelles Archives 
du Museum D'Histoire Natuzelle, Paris, ser. 8, vol. 5, pi 253, 
pi. 14. 
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88008 to 88068— Continued. 

88014 to dd068~-€ontinu6d. 

The seeds of this spreading leguminous Chinese shrub were received 
under the name Sophora vieii/oliaf which was published by Hance in 
1881. However, in 1796 Salisbury had publii^ed the name Sophora 
videte/olia for the plant now generally known as VirgUia eaperuU. As 
it is not allowable to use the same specific name more than once in the 
same genus, Sophora vidtfolia Hance is rejected as a homonym. The 
next name applied to this species was Sophora moorcroftiana davidi 
Fmnchet; and as it is considered to be distinct from the Indian plant, 
8. moorcroftiana, it is here raised to specific rank. 

Sophora davidi was found by Hance in the vicinity of Ichang, in the 
province of Hupeh, and is also known to grow in the province of Shensi, 
in China. 

83068. Viburnum cotinifouum D. Don. 

Distrihtuion. — A spreading shrub, often 10 feet high, growing at an 
altitude of 6,000 to 11,000 feet on the slopes of the Himalayas between 
Kashmir and Kumaon in the northern part of India. 

33063. Viburnum phlebotrichum Sieb. and Zucc. 

Digtrifnuion, — Wooded mountain slopes in the islands of Hondu and 
Kiushu in Japan. 

83064. Viburnum pubebosns Pursh. 

83065. Viburnum RHmDOPHTLLUM Hemsl. 

Diatribution. — ^A shrub with laige, coarsely wrinkled leaves iQUnd in 
the Patung district of the province of Hupeh, China. 

83066. Viburnum saroenti Eoehne. 
See No. 30847 for previous introduction. 

88067. Viburnum WRioHm Miq. 

Diitribution. — On the hillsides and mountain slopes of the Hakodate 
peninsula in the island of Hokushu in Japan. 

88068. X Fbybaub buntabbi Hort. 

''This is a cross between Physalis francheti and P. aikekengi. The 
colored calyces are much less in size than those of P, francheti, and in 
general appearance the hybrid is about intermediate between the parents. 
When the growths are cut and the calyces fully colored, the leaves are 
still in a fresh condition, and for this reason as well as for the less stiff 
chaxacter of the shoots as compared with P. francheti, the hybrid may 
be more valued for use in decorative purposes." (Oardenen* ChronicU, 
vol. 38, 1905, p. 315, fig. 123.) 

38069 and 33070. Diosptbos kaki L. f . Persizninoii. 

From Wakamatsu, Japan. Presented by Rev. H. Loomis, American Bible 
Society, Yokohama. Received March 7, 1912. 

Cuttings of the following: 

83069. Eauaku, 

83070. Mishiradzu. **l have grown this variety in my garden for several 
years and regard it as one of the very best. It is a prolific bearer (the name 
gignifles that the tree takes no thought of itself), it is rich in flavor, very 
sweet, and not astringent. In size and appearance it resembles Chma.** 
(Loomif.) 
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38071. Fious MACBOPHTiXA Desf. Moreton Bay flg. 

From Sydney y New South Wales, Australia. Pk«eented by Prof. J. H. Maiden, 
Director and Government Botanist, Royal Botanic Garden. Received March 
7, 1912. 

"This only grows in the well-watered coastal district, and experunents with the 
view to introduce it into drier localities have almost invariably resulted in failure." 
{Maiden.) 

See No. 3494 for previous introduction. 

DiMtribuHon. — ^A buge tree found near streams in Queensland and New South Wales 
in Australia. 

SS07S. Hedtsabum ooBONARruM L. Sulla. 

From Jerez de la Frontera, Spain. Presented by Mr. Percival Gaesett, American 
consul. Received March 7 and 19, 1912. 

"The sulla plant, or Spanish wild clover, is found in Spain only in southern Anda- 
lusia, province of Cadiz, where it grows wild and with most luxuriance in abandoned 
vineyards. The Spaniards are well aware of the great value of this plant as a rich 
forage for stock, especially for horses, to whom it is said to give endurance; and not 
enough sulla can be produced in Jerez to supply the demand, for, after the stock raisers 
and fanners who grow it have supplied themselves, any surplus is eagerly purchased 
by the military officers in charge of the Jerez Deposito Semental or depot for breeding 
horses for the Spanish army. So far, all efforts to make it grow in other parts of Spain, 
even at Seville, 90 miles from Jerez, have been unsuccessful. 

''Practically, then, sulla needs the same climate and soil that produce the famous 
Jerez, or sherry, grape, unique of its kind in the world. The climate should be sunny, 
hot, and dry in the summer, with plenty of rain in the fall, and a low temperature 
that does not reach freezing, although occasional frosts during the winter nights are 
not unknown in Jerez. When there has been plenty of rain in the fall there has 
usually been an abundant crop of sulla the next spring. 

"Now as to soil. Jerez has three soils, each of which produces a distinct t3rpe of 
wine; the best is known as 'albariza' (lime), the second best as 'barro' (clay), and the 
least desirable as 'arena' (sand). As a general rule the soil of Jerez vineyards is of a 
porous character, light, and of a grayish color, the composition of which, according to 
an analysis made in 1898 in the laboratory of the London Lancet is as follows: 

Per cent. 

Oalcium carbonate 29. 12 

Oxide of iron 4. 08 

Sand, etc 45. 80 

Soluble salts 60 

Moisture 16. 70 

on ignition 3. 80 



100.00 

"Practically a third part of this soil consists of carbonate of hme and if the fact of 
producing the nearest imitation of Jerez wine is any indication, it would seem as if sulla 
might grow in parts of California. 

"Although the general belief, which seems to be supported by all other unsuccessful 
experiments, is that this soil is indispensable for the successful growth of sulla, yet 
the writer has within a month or so seen an entire field of sulla, a foot or more in height, 
growing in ordinary black soil, without irrigation, at the Jerez Agricultural Experi- 
ment Station, La Granja. 
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"In plftntmg, the unhuaked seed wu immened for 5 minutes in boiling water, 
or the huaked leed in water at 140® F. The seed was sown not later than the next 
day after this treatment. A good plan is to sow the sulla with wheat or barley and 
after the latter has been harvested it will come up the following autumn. It is said 
that if the sulla &ils to grow one year and is not disturbed it will come up the year 
after; under &vorable conditions it should grow as high as 3 or 4 feet." {Extract 
from report of Mr. Gastett.) 

Distribution. — ^The countries bordering on the Mediterranean from Spain to Asia 
Minor and in northern Africa. 

3S074 to 3S076. Vrris vinxfera L. Orape. 

From Bhamdun, located on the western slope of Mount Lebanon, Syria. Pre- 
sented by Mr. Alfred Ely Day, Syrian Protestant College, Beirut, Syria. 
Received February 26, 1912. 
Cuttings of the following; quoted notes by Mr. Day: 

88074. *' KdiUJi-daiar. White berry, size and shape of an olive. Loose 
cluster. Ripens late and may be kept for winter eating. " 

88075. ^^Atwad'kari. Berries oval, of moderate size, black streaked with 
led, tough skin, firm pulp, ripening late, but not so late as Shatam 
(S. P. I. No. 33113.)" 

83076. '' Kkudud-ul-baruU (maiden's cheeks). Much like Miksdn (S. P. I. 
No. 33115), but red in color. " 

3S077 to 33079. 

From Siberia. Collected by Mr. Frank N. Meyer, agricultural Explorer, Bureau 
of Plant Industry. Received January 6, 1912. Numbered March 10, 1912. 
Seeds of the following; quoted notes by Mr. Meyer: 

83077. Larix sibirica Ledeb. Siberian lareh. 
Ftom Marka Kul, Altai Mountains, southern Siberia. Altitude 6,000 feet. 
"(June 8, 1911.) Large cones. " 

See No. 2175 for previous introductions. 

83078. PiCBA OBOVATA Lodob. Spruce. 

From Marka Kul, Altai Mountains, southern Siberia. Altitude 5,000 to 
7,000 feet. 

''(June 7, 8, 9, 1911.) Cones from different localities around Lake Marka 
Kul." 

See No. 20319 for previous introduction. 

83070. PiNUs CEMBRA L. Pine. 

From Omsk, Siberia. 

''(August 5, 1911.) Cones brought in from the Ural Mountains. " 

See Nos. 20317, 20764, and 20777 for previous introductions. 

33080. Gk>ssTPiUM barbadense L. Cotton. 

From Cairo, Egypt. Presented by Mr. Geoige J. Salem. Received March 8, 
1912. 

"Sekallaridis. This variety has become somewhat popular in the provinces of 
lower Egypt, and has been grown during the last two years extensively in those 
provinces. It resembles much the Jannowitchf though its fiber is finer and its color 
more yellowish. " (Salem,) 
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SS081 to SS086. Meoonopsis spp. 

From Glasnevin, Dublin, Ireland. Presented by Mr. F. W. Moore, keeper, Boyil 
Botanic Gardens. Received March 9, 1912. 

Seeds of the following: 

dSOSl. Meoonopsis cambrica Viguier. 

See No. 33011 for previous introduction. 
33082. Meconopsis caicbrica Viguier. 

Flore pleno. 
83083. Meconopsis inteorifoija (Maxim.) Franch. 

See Nos. 13340 and 31269 for previous introduction. 

33084. Meconopsis paniculata (Don) Prain. 

DistribiLtion. — A herbaceous perennial with yellow flowers, found on the 
slopes of the Himalayas in the provinces of Nepal, Sikkim, and Bhutan in 
northern India. 

33080. Meconopsis waluchd Hooker. 

See No. 25070 for previous introduction. 

38086 to 88088. Diosptros kaki L. f. Persimmon. 

From Okitsu, Japan. Presented by Mr. T. Tanikawa, in charge, Government 
Horticultiiral Experiment Station. Received March 9, 1912. 

Cuttings of the following; quoted notes by Mx. Tanikawa: 

33086. ^^Zenjimaru. A sweet variety, with male, female, and complete 
flowers in the same stock.'' 

33087. '*Fuji. One of the best astringent varieties in our country.'' 

33088. *^Fuyu. One of the best sweet varieties in this country." 

83089 and 88090. Gk>ssTPiuM spp. Cotton. 

From Abyssinia. Presented by Mr. Guy R. Love, American vice consul general, 
Addis Abeba. Received March 9, 1912. 

Seeds of the following; quoted notes by Mr. Love: 

33080. ''GojamU. From Gojam, south of Lake Tsana." 

33000. ''Gondarie. From Gondar, north of Lake Tsana." 

''The cotton raised in the Lake Tsana district is of a much superior quality, 
being of longer fiber and lighter in color." 

88091. Medio AGO satiya L. Alfalfa. 

From Bordj bou Arreridj, Algeria. Presented by Mr. F. Couston, itgricultural 
engineer. Received November 8, 1911. Numbered March 11, 1912. 

''(Blue flowers.) Spontaneous on the high plateaus at Bordj bou Arreridj; cal- 
careous soils, sometimes very dry." {Couston.) 

88092. CucuMis satiyus L. Cucumber. 

From Yaroslav Province, Russia. Presented by Mr. Joseph A. Rosen, Chief, 
American Agricultural Bureau of the Governmental Zemstvo of Yekaterinoslav, 
Russia, at Minneapolis, Minn. Received March 8, 1912. 

"Variety Muromshy. Originated in the province of Yaroslav, Russia. The earliest 
variety grown in Russia. Prolific, excellent quality. An open-ground variety, but is 
frequently grown also under glass." {Ro$en,) 
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39008. Dammara alba Rumph. 

From Buitenzoig, Java. Presented by lfr« H. Wigman, Botanic (harden. R^ 
ceived March 9, 1912. 

"This beautiful broad-leaved conifeTi related to the noted kauri pine of New 
Zealand, is worthy of trial in Florida and southern California. Its pyramidal, over- 
seen character makes it particularly suitable for avenue planting.'' (David Fatr- 
duid.) 

DiMtribiUion. — ^A tail tree belonging to the pine family, found in the islands of the 
Malay Archipelago. 

33094. Belou marmelos (L.) Lyons. BaeL 

From Peradeniya, Ceylon. Presented by Mr. H. F. Macmillan, Curator, Royal 
Botanic Grarden. Received March 9, 1912. 

See No. 24450 for description. 

33096. Chiogocoa alba (L.) Hitchc. 

From Palm Beach, Fla. Presented by Mr. J. B. Donnelly, manager, Clarke 
Estate. Received March 4, 1912. 

"This plant when growing in the jungle climbs on trees, but when in the open and 
cut back a couple of times it makes a nice shrub that is covered with white berries 
which remain on all winter." (Donnelly.) 

DittribiUion. — From the West Indies and Mexico, southward to Brazil and Peru. 

33097. Ficus carioa L. Oapriflg. 

From Chenoua, Algeria. Presented by Dr. L. Trabut, Algiers, Algeria. Received 
March 12, 1912. 

"Very early." (Trabut.) 

33008. Phaseolus oalcasatus Roxb. 

From Cuba. Presented by Mr. Robert L. Lu&ces, Camaguey, who secured them 
from Mr. Luis de Megret, editor, El Agricultor Practice, Guantanamo, Oriente, 
Cuba. Received March 12, 1912. 

''Little Devil, or Mambi, bean. An indigenous legume, found growing wild in the 
woods of Oriente Province, especially in the \'alley of Guantanamo. A climbing 
vine of vigorous growth that covers and smothers the tree over which it grows; for this 
reason the native country people call it 'Little Devil.' It is also called ' Mambi '^ 
because it waa discovered as an edible by the Cuban soldiers during the war of 1868- 
1878. 

"It produces its fruits in clusters formed of eight or more small pods, each containing 
from six to eight beans. It starts to grow in early springtime and matures its fruit in 
autumn, the plant dying after fruiting. The pods must be gathered ripe. When 
allowed to dry on the vine they will burst, throwing the seed afar with much violence. 
The beans are very heavy, considering their small size, and are delicious in taste, 
selling in the local market at from 8 to 10 cents per pound. " (Megret.) 

33099. Stbtchnos sp. 

From Sombrero Negro, Nicaragua, near Rama. Collected by Mr. Carks Berger, 
January, 1912. Received through Mr. W. £. Safiford, Bureau of Plant Industry, 
March 12, 1912. 

"Local name, Madronito. Roots used as a remedy for snake bites. Pulp of fruit 
edible^" (Safford,) 

I *■ <]|unbl\ name given the Cuban Mldtor daring the war ol 1S68-U78, from man (BngUdi) and M 
(Latin)." (LuAces.) 
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88100. Abansonia digitata L. Baobab. 

From Cuba. Presented by Mr. Robert L. Luices, Cama0:uey, who secured them 
from Mr. Luis de Megret, editor, El Agricultor Pr&ctico, Guantanamo, Oriente, 
Cuba. Received March 13, 1912. 

** The tiee that produces this fruit is native to Africa and was introduced into Oriente 
Province by the French immigrants from Haiti. The tree, from its gigantic corpu- 
lence, leaf, and branch formation, looks very much like the Ceiba. The fruit is long, 
gourd shaped, of very hard skin, containing, enveloped in a white pasty or starchy 
stuff, a large number of small seeds. This starchy substance when water is applied 
to it is somewhat like arrowroot, its taste is subacid, and makes a good refreshing soft 
drink with sugar and water. 

" It receives its name, 'monkey-bread', from the similarity of its seeds to the face of 
a monkey. 

" It can be propagated from seed or from cuttings. This last method is the best, giv- 
ing quickest rosults, for it takes some 10 years to grow it from seed. The fruit is hard 
and will keep for a long time. '' ( Megret.) 

deecis* 

88101. (Undetermined.) 

From Kiayingchow, China. Presented by Mr. G«oige Campbell. Received 
February 21, 1912. 

'< This is a rather handsome tree, 25 or 30 feet high; the curious fruits have a pleasant 
nutty flavor and are ripe about the last of November. 

''I saw in a wayside inn up near the Fukien border three great planks of the wood 
of this Pit-hiu or Kit-kiu tree. They were 16 to 18 feet long and 18 inches wide and 
about 3 inches thick. The owner told me he got five such planks out of one tree and 
sold two of them for $10 apiece. They are in demand for store counters, as they take 
a good polish and are very hard and dense in texture. But the fruit is the most inter- 
esting part of the tree. The fruit looks like the meat of hickory nuts, all crinkly, and 
is similar in taste. It is thin skinned and the texture is also somewhat like the hick- 
ory nut. The whole fruit is eaten, and there is a sort of string that comes from the 
fruit which you strip off as you eat. The seeds are little and black in color and are 
by themselves on the end of the fruit. They resemble a bedbug in appearance. This 
fruit is not of commercial value. The fruit is sold in China, however.'' (Campbell.) 

83102 and 88108. 

From Nice, Alpes-Maritimes, France. Presented by Dr. A. Robertson Phw- 
chowsky, Jardin d' Acclimatation Les Tropiques, Chemin des Grottee Sainte- 
Helene. Received March 11, 1912. 

Seeds of the following; quoted notes by Dr. Proschowsky: 

88102. BOCCONIA FRUTESCENS L. 

''These seeds are so oily that if they were produced in large enough quantity 
perhaps some use could be made of them. The plant is very beautiful and forms 
a large evergreen shrub of striking foliage. " 

DittribuHon. — Tropical America, extending northward to the valley of the 
Cordova in Mexico; also in the West Indies. 

83103. Grewia sp. 

''There is only a very little flesh on these fruits, but it is sweet and agreeable. 
As a beautiful flowering and very drought-resistant shrub it already has some 
value. 

282 



J4KUABT 1 TO MABCH 31, 1912. 75 

38104. Fious BUBioiNOSA Desf. Port Jackson ig. 

From Sydney, New South Wales, Australia. Presented by Prof. J. H. Maiden, 
Director and Government Botanist, Royal Botanic Garden. Received July 
3, 1911. Numbered March 15, 1912. 

**This grows in the coast districts, but extends a little more westerly than does 
Fieui mouTophyUa (S. P. I. No. 33071) and has shown greater adaptability to drier 
localities than that species. ** ( Maiden.) 

oeecis. 

Dutribution. — A tree found in the valleys of streams in New South Wales, Australia. 

33106. Meibomia heterocarpa (L.) Euntze. 

From Peradeniya, Ceylon. Presented by Mr. H. F. MacmOlan, curator, Royal 
Botanic Grarden. Received March 9, 1912. 

38106 to 33110. CoLOOASiA sp. Taro. 

From Hilo, Hawaii. Presented by Mr. F. A. Clowes, Superintendent, Hawaii Sub- 
stations. Received March 13 and 14, 1912. 

Tubers of the following varieties: 

38106. Manapiko. 33100. Kuoho. 

33107. Wehiioa, 33110. Lehua. 

33108. EUpaio, 

33111 to 33118. Vms yinifeba L. Orape. 

From Bhamdun, located on the western slope of Mount Lebanon, Syria. Pre- 
sented by Mr. Alired Ely Day, Syrian Protestant College, Beirut, Syria. Re- 
ceived March 15 and 16, 1912. 

Cuttings of the following; quoted notes by Mr. Day: 

88111. ^'JouzAm. Large, white, thin-skinned berry, produced in crowded 
clusters. Sometimes the berries are partly large and partly small, in which 
case they are called 'hen and chickens.' The leaves are used in cooking, 
wrapped around small rolls of rice and chopped meat. This is one of the best 
giapes.'^ 

83 1 1 2 . ' ^Shahmtni. Large, round, yellowieh berry ; firm pulp . ' ' 

83113. ''Shatawi. Not very sweet, a little larger, has a thicker skin, and 
ripens later than KMtfi-dakar (S. P. L No. 33074). ShaUnui means belonging 
to winter." 

83114. "AmU. This vine has short branches; clusters large; berries round 
and greenish, skin very thin. Much esteemed." 

88115. ''Ifiisdn. The most useful grape of Lebanon for eating, wine, 
raisins, and sirup. Berries are of moderate size, white, with thin skin and soft 
pulp. Ripens early." 

38116. ''JbdH. Berry black with hard akin, very firm and solid, not very 
juicy, good for preserving." 

33117. ''Zeini. Long white berries, mod^ate in size, sweet with a little 
acridity." 

331 18. ''Kdsdjl-inti.^ Like Kd9AJi<Uikar ^ (S. P. 1. No. 33074), but sweeter, 
thinner skinned, larger berries and clusters. Ripens after Miksdsi (S. P. I. 
No. 33115), but before Sheaam (S. P. 1. No. 33113). Called Kd^Qfi because the 
berries with their stalklets easily break off from the clusters." 

1" * lati ' nMUtt female, and ' dakar,' male." 
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SS118. Absohtnomene elaphroxtlon (Guill. and Perr.) Taubert. 

Ambach. 

From Lawang, Java. Presented by Mr. M. Buysman, Botanic Garden. Received 
March 16, 1912. 

''This is a Senegambian plant, much cultivated in several parts of Africa and also 
in Egypt. The only use is that of the wood, which is light and perhaps might be taken 
BB a surrogate for cork . The stem gets very thick with age, but the height is moderate." 

(Buysman.) 

Distribiuion. — ^A leguminous, spiny shrub up to 20 feet high, with large orange- 
colored flowers, growing in or near water on the west coast of Africa in Upper Guinea 
and Lower Guinea, and from the valley of the White Nile to the Mozambique district 
on the east coast. 

SSlStO. Fbaxinus ornus L. Ash. 

From Germantown, Philadelphia, Pa. Purchased from Mr. Gonyers B. Fleu, jr. 
Received March 18, 1912. 

This seed was procured for exi>erimental purposes in the semiarid r^ons of the 
United States. 

SS121 to SS126. Zea mats L. Com. 

From Ecuador. Presented by Mr. Edward Harold Pound, Washington, D. 0. 
Received March 16, 1912. 

Seeds of the following: 

33121 to 33124. From Chillo-Ordofiez, Quito, Ecuador. 

33120 and 33126. From Hidalgo hacienda, Tumbaco, near Quito, Ecuador. 

SS127 to SS1S2. Cabica papaya L. Papaya. 

From Buitenzorg, Java. Presented by the Director, Botanic Gardens. Received 
March 18, 1912. 

"Seed of different varieties of papayas, producing fruits of various shape and outline. 
The quality is good and there is but little difference between them.'' (The Director.) 

33156. Salix fbagilis L. 
( ^ var. pendula.) 

From Algeria. Presented by Dr. L. Trabut, Algiers. Received March 19, 1912. 
''An Algerian ornamental." {Trabut.) 

881S6. GossTPiUM OBTusiFOLiUM Roxb. Cotton. 

From Algeria. Presented by Dr. L. Trabut, Algiers. Received March 19, 
1912. 

''Variety africanum. Perennial cultivated in the oasis. The very mediocre cotton 
is used by the natives to mix with wool. Oasis Insalah, The Djerid." ( Trubut,) 

33157. Chaetoghloa oostAXA (Roxb.) Skeels. 

From Sibpur, near Calcutta, India. Presented by Maj. A. T. Gage, Superintend- 
ent, Royal Botanic Garden. Received March 19, 1912. 

See No. 32399 for previous introductioii. 
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88138 to 88179. 

FW>iii PariB, France. Presented by the Director, Miueum of Natural Hietory. 
Received March 19, 1912. 

Seeds of the following: 

33188. X AcsR Boscn Spach. lEaple. 

Considered to be a hybrid between Acer UUarieum L. and A. pempha- 
fncum Li. 

33139. Alnus maritima (Marsh.) Muhl. Alder. 

An ornamental shrub or small tree with handsome, shinmg foliage, attractive 
In autumn with its male catkins. 

Distribution. — ^The eastern coast of North America, and in Japan, CSuMsn 
(Korea), and Manchuria. 

38140. AicPBLOPSis HUMULiTOLiA Bungs. 

See No. 32917 for previous introduction. 
33141. Ahpblopsis orientaus (Lam.) Planchon. 

Distribution. — Shady banks in Cilicia, Syria, and Armenia. 
38142. Araua CACHBinRicA Decaisne. 

See No. 30285 for previous introduction. 

33143. AsPARAGtrs offioinaur L. Aapara^aa. 

Distribution. — The countries at the western end of the Mediterranean from 
Spain and Italy and the adjacent islands to northern Africa and the Canary 
Islands. 

38144. Asparagus maritimus Miller. Asparagus. 

Di^.tribuHon. — Southern Europe, extending from Spain eastward through 
Italy and Greece to the Caucasus region, and in southwestern Siberia. 

33145. Asparagus officinalis caspius (Schult.) Asch. and Graebn. 

Aapara^UB. 

Distribution. — In the parts of southeastern Russia and northern Persia border- 
ing on the Caspian Sea, and occasionally in the countries along the northern 
coast of the Mediterranean. 

33146. Asparagus officinalis prostratus (Dum.) Baker. Aapara^a. 

Distribution. — Considered to be a seashore form of Asparagus officinalis L. 
found on the dunes along the coast of northwestern Europe. 

33147. Asparagus tenuifolius lAm. Aaparagris. 

A hardy shrub bearing very large, red berries. 

Distribution. — ^The southern part of Europe, extending from France through 
Italy, the Balkan Peninsula, and southern Russia to Asia Minor. 

33148. Asparagus verhcillatus L. Aaparagris. 
See No. 29121 for previous introduction. 

33149. Benincasa hispida (Thunb.) Cogn. 
Variety macrocarpa. 

33100. Betula alba L. Out-leaved weeping birch. 

Variety dalecarlica. 

33151. Bbtula davurica F^as. Birch. 

Distribution.— A tree, growing up to 60 feet, found in the valley of the Amur 
River in eastern Asia* 
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331S8 to 88179— Continued. 

83162. BocooNiA cordata Willd. Pl«m# poppy. 

Variety microearpa. A hardy herbaceous perennial. 

33153. Geltis audibertiana Spach. Ifattle trae. 

33154. Geltis austraus L. 

See No8. 2176 and 19505 for previous introdactiona. 

33155. GoTON EASTER H0RIZ0NTALI8 Decaiflue. 
See No. 1595 for description. 

33156. GOTONEASTER IKTEGERRIMA Medic. 

See Nos. 29666 and 22695 for previous introductions. 

33157. GoTONEASTER MICROPHTLLA Wallich. 

See No. 32934 for previous introduction. 

33158. GOTONEASTER MULTIFLORA GRANATEN8IS (BoiSB.) WeU. 

See No. 29969 for previous introduction. 

33159. GoTO.NEASTER PAKN08A Frauchet. 
See No. 32936 for previous introduction. 

33160. GoTON EASTER RACEMiFLORA NUMMULARiA (Fisch. and Mey.) Dipp. 

33161. Grata Eo us ambioua Becker. Hawthorn. 
See No. 30289 for previous introduction. 

33162. Grataeous korolkowi Kegel. Eawthoxn. 
See No. 30290 for distribution of this species. 

83163. EuoNYMUs radicans carrierki (Vauv.) Nich. 
A low shrub with ascending and spreading branches. 

33164. Fraxinub pennstltakica Marshall. Bed aah. 

33165. Gleditsia macracantra Desf. 

Distribution. — A tree with large spines, closely related to G. Hnenais Lam. 
and only known under cultivation. 

33166. JuoLANS PYRiPORMis Liebm. 

Distribution. — On the slopes of the mountains at an elevation of 6,000 feet in 
the vicinity of Orizaba in southern Mexico. 

33167. Malus cerasipera Spach. 

Distribution. — A form of Malus bacctUa (L.) Moench probably of hybrid 
origin ; found in Siberia. 

33168. Physalis priladelprica Lam. 

33169. PisTAaA lentiscus L. Mastic. 
See No. 9426 for description. 

33170. Prunus DOMEsncA L. Plain. 
Variety armenioides. 

33171. Pyrus canescens Spach. Peax. 
See No. 29973 for previous introduction. 

33172. Pyrus communis pyrastbr L. Peax. 
DistribtUion. — ^A form of the common pear having fruits the sise and shape of 

a cherry, originating in the northeastern part of Penia. 
83173. X Ptrus oblongifolia Spach. Peax. 

Distribution.— Coneidered to be a hybrid between Pfftus omygdaHformis 
Villars and P. nivalis Jacq. 
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8S1S8 to 83179— Continued. 

88174 to 88170. SoLAirim Niosim L. Ni^htahads. 

88174. 88177. Variety miniaium, 

88175. Variety /ointm. 88178. Variety oleraceum. 
88170. Variety guweeme, 88170. Variety vilfemtn. 

33180 and 33181. Juolans reoia L. Walnut. 

From China. Pireeented by Mr. Samuel S. Knabenahue, American consul general, 
Tientsin, China. Received at the Plant Introduction Field Station, Chico, 
Gal., March, 1912. 

Seeds of the following; quoted notes by Mr. Knabenshue: 

88180. "This hard-shelled variety grows to the westward of Changli, in this 
province (Chihli), and Shansi. It appears to grow only in the hill country. 
The nuts marketed in Tientsin come either from the mountainous region 
north and west of Peking or from the mountains of Shantung. These nuts 
came from the western hills at Peking and are v^y fair samples of the hard- 
shelled variety. " 

88181. "This soft-shelled variety was also obtained from Changli. This 
town lies on the edge of the hill coimtry, and the district around it, so far as 
can be learned, is the only one producing the soft shelled nuts. I am unable 
to obtain any precise information as to the nature of the soil. The hills of 
the vicinity are evidently of volcanic origin, though extremely ancient in 
geologic time. The soil, to all appearance, is like that of the Great Plain of 
China, an alluvial formation, brought down from the loess deposits to the 
west of Peking. . The heavy wind storms to the north, which bring the much- 
dreaded tornadoes of dust, in the course of centuries must have added mate- 
rially to the soil of this section of China. The wind brings down from the 
Gobi Desert a very fine, yellow sand apparently. " 

83182 and 33183. 

From the Philippine Islands. Presented by Mr. 0. W. Barrett, Chief, Division 
of Experiment Stations, Bureau of Agriculture, Manila. Received March 20, 
1912. 

Seeds of the following; quoted notes by Mr. Barrett: 

88182. Fictjs sp. 

'* A small tree, rarely branching. Leaves linear lanceolate, from 1 to 1) feet 
in length, dark green, the peculiar fruits being produced in the axils of the 
leaves. As the plant grows the leaves are shed, with the exception of a number 
at the top, making the crown of the plant appear not unlike a bird's-nest fern. 
It should make a very attractive greenhouse subject. " 

88188. Laoerstroemia speciosa (L.) Pers. 

"A small shrubby tree, indigenous to the Philippines, blooming in the spring, 
when it is one of the most striking plants in the Philippines. " 

33184. Ankona cherimola Miller. Oherimoya. 

From Los Angeles, Cal. Presented by Mr. Charles F. O'Brien. Received 
March 21, 1912. 

"lliis cherimoya on my ranch was grown from seed produced by a tree originally 
brought from Peru by a brother-in-law of a Mr. Miller, who now lives in Hollywood, 
Oal. The old tree was killed some years ago. 

282 
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''Mr. Miller's brother-in-law informed him that he found the young tree growing 
along the bank of a stream in the interior of Peru at a considerable elevation. He 
stated that the trees grown there grew to l^lrge size and produced fruit that sometimes 
weighed as much as 14 pounds. He also stated that at the time the fruit ripened in 
that part of Peru it formed the principal article of diet of the native Indians. 

"I have seen specimens of the cherimoya of Mexico growing here, but the fruit is 
not so lazge as this Peruvian fruit, nor does the tree attain such great size. The foliage 
is also smaller. 

"In handling my tree I have found that it should be vigorously pruned early iu the 
spring. It gives best fruiting results with that treatment. 

"These seeds are from the finest fruit borne by the tree last year; it weighed 2 
pounds 6 ounces, was perfect in shape, with a very thin skin; meat white and of very 
fine texture. It was, in fact, the finest specimen I have ever obtained from this tree. 

"This particular tree is the finest cherimoya in all southern California, and the 
finest I have seen anywhere. The fruit is also much superior to that which is now 
being offered in the market here. " (O^Brien.) 

SS186. Acacia scorpioides (L.) W. F. Wight. 

From Algeria. Presented by Dr. L. Trabut, Algiers. Received March 21, 1912. 
' ' A variety cultivated at Biskra. " ( TrabtU. ) 

SS186 to SS188. 

From Italy. Presented by Mr. Willy Mailer, Nocera Inferiore, Italy. Received 
March 21, 1912. 

Seeds of the following: 

33186. Akebia lobata Decaisne. 

See Nos. 24744, 26424 and 30855 for previous introduction. 

83187. CucuMis MELO L. Muskmelon. 
From Castellammare. 

83188. CucuMis MELO L. Xaakmelon. 
From Nocera. 

SS189. JuGLANS REGiA L. Walziut. 

From Sorrento, Italy. Procured by Mr. W. B. Fiske, of the Bureau of Ento- 
mology, United States Department of Agriculture, stationed at the Gypsy- 
Moth and Alfalfa- Weevil lAboratory at the R. Scuola Superiors D'Agricoltura, 
Portici, from Mr. Pasquale D. Luca, head g^dener, at the request of Mr. 
William W. Handley, American consul, Naples, Italy. Received March 22, 
1912. 

^^Sorrentina. The trees from which these cuttings were taken were grown by me 
in ground at Meta di Sorrento belonging to the estate of Dr. Corrado Buggiero. The 
shoots were all from the same variety and were taken from two trees. The SorrerUina 
is a large and majestic tree with a large crown and great branches while still young, 
and covered with a clear gray bark which with age becomes split. The leaves are 
quite large, alternately pennate with 5 to 9 leaflets, and when fresh they have a peculiar 
odor. The fruit is an oblong drupe and terminates in a rather long point. The 
pericarp is rather thin and the endocarp is very fleshy. " (PasgudU D, Luca.) 

SS180. Phoenix dacttlifeba L. Date. 

From Panjgur, India. Received through Mr. Stuart K, Lupton, American consul, 

Ejirachi, India. Received March 23, 1912. 
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"I am infonned that to properly mature dates a tteady mistained, hot, dry wind for 
about 30 days ie necesBary and that this condition prevails nowhere in the consular 
district except in the neighborhood of Fanjgur. ** (Luptcn.) 

This is probably the &mous Mozati date introduced under S. P. J. No. 8762. 

33181. MiscANTHUS JAPONicus (Thunb.) Oerst. 

From Yokohama, Japan. Purchased from the Yokohama Nursery Co. Received 
Blaich 23, 1912. 

"This has been found in our experimental work to produce a light bulky paper in 
many respects similar to that made from esparto. The yield of fiber is up to the 
average of esparto, and there may be areas where the plant can be grown especially 
for paper making. It thrives on the poorer soils in this region (Washington, D. C.) 
and has been grown with some success even in Maine; the excessive winter killing 
here, however, would prevent its becoming a successful crop plant. " (Charles J. 
Brand,) 

Seeds. 

Ditirtbution. — ^The provinces of Kiangsu, Kiangid, and Kwangtung in China, and 
in Japan and the Malay Archipelago. 

33192. Tebminalia catappa L. Katappa. 

From Sibpur, Calcutta, India. Presented by Maj. A. T. Gage, Superintendent, 
Royal Botanic Gardens. Received March 23, 1912. 

IHttrUnUion. — ^A tree, often 80 feet hi^, found in the plains of India and generally 
cultivated in tropical countries. 

33194 to 33201. Rosa spp. Rose. 

From Kew, England. Presented by Dr. David Plain, Director, Royal Botanic 
Garden. Received March 19, 1912. 

Cuttings of the following, procured for breeding experiments: 

33194. Rosa beoobsiana Schrenk. Boae. 

Distribution. — ^A shrub, growing as high as 10 feet, found on mountain slopes 
from 5,000 to 10,000 feet in elevation from the Caspian Sea and Persia eastward 
through Turkestan and Afghanistan to Mongolia. 

83195. Rosa webbiana Wall. Rose. 

DistribtUum. — Dry slopes of the Himalayas in northern India from Kashmir 
to western Tibet at an elevation of 5,000 to 13,500 feet. 

88106. Rosa AacuLAUS nipponensis (Crepin) Koehne. Bose. 

Distribution. — ^The slopes of Mount Fujiyama, in Japan. 

83197. Rosa spinosissima L. Bose. 
Variety hispida. 

83198. Rosa spinosissima L. Boae. 
Variety ItUea. 

88199. Rosa cinnamomba malti (Kern) Skeels. Bose. 

{Rosa malyi Kern 1869, in Oesterreichische Botanische 25eit8chrift, 
vol. 19, p. 325.) 

Cuttings of this rose were received under the name Rosa malyi. In 1902 this 
form was referred by Keller (Ascherson and Graebner, Synopsis der Mitteleur- 
opfiischen Flora, vol. 6, p. 305) to Rosa pendulina, which was published by 
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88194 to 88201— Ck>ntinu6d. 

Linnaeus in 1753 on page 492 of the Species Flantaniin. But on page 491 of 
the same work Linnaeus published the name Rcmi cmnotmmMa^ which is gen- 
erally considered to be the same as R. pmdulina. Keller uses the name R. cm- 
namomea for the species described under that name in 1759 by Linnaeus (Sys- 
tema Naturae, ed. 10, vol. 2, p. 1062). According to present rules of botanical 
nomenclature, R. cinnamomea must be used for the first species described under 
that name, and our plant being a form of that species, is here placed under it. 
Rosa cinnamcmiea malyi was first discovered by Herr Maly on the slopes of 
the mountains in Dalmatia, and was by him introduced into cultivation. 

88200. Rosa macrophtlla Lindl. 

82201. Rosa psdtschenkoana Regel. 

DistrUmlion. — A little known species from Turkestan. 

88202. Rosa hemisphebioa Herrmann. Bose. 

From Bitton Vicarage, Bristol, England. Presented by Rev. Henry N. Ella- 
combe. Received March 19, 1912. 

Procured for breeding experiments. 

88208 and 83204. Diosptbos kaki L. f. Persixniiion. 

From Tokyo, Japan. Presented by Mr. T. Watase, Tokyo Plant, Seed d Imple- 
ment Co. Received March 23, 1912. 

Cuttings of the following, quoted notes by Mr. Watase: 

88208. " Uzaemon. Astringent variety." 

88204. *' Myotan. Late, sweet variety." 
"The above cuttings were those with pedicels left from staminate flowm." 

88206 to 88284. 

From Granada, Spain. Purchased from Mr. Pedro Giraud, at the request of Mr. 
Walter T. Swingle, Bureau of Plant Industry. Received March 23, 1912. 

Quoted notes by Mr. Walter T. Swingle, unless otherwise noted. 

"The following collection of grafted plants, rooted cuttings, and scions or cuttings 
embraces some of the principal varieties of fruits grown in Granada. Dr. Gustav Eisen 
has shown that many of the so-called Mission varieties of fruits grown in California in 
the early days really originated in Granada. It is hoped that some of the varieties in 
the following list will prove to be of considerable value. The shipment was made 
largely to test the possibility of shipping plants in good order from central Spain to 
the United States." 

88200. Crataegus azarolus L. Azarol. 

* * Encameuh. The azarol represents a type of fruit whose cultivation has been 
much neglected in the United States. These fruits, which ripen from August 
to October in Spain and France, are from a half inch to an inch in diameter or 
even more, and have a delicious, subacid flavor, with flesh of a melting char- 
acter. In flavor and texture its fruits resemble loquats in many respects. 
These plants are grafted on the common hawthorn and are said to grow in all 
kinds of soil, both dry land and under irrigation. The variety in question is 
flesh color, supposed to be of Italian origin." 
282 
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3S206 to 88234— Continued. 

33206. PopuLua sp. Poplar. 

" Chopo, This 18 a ramartable fotm of pophr commonly giown about Granada, 
sfcriking because ol tbe almost coopleto i^Mence of true lateial bianchee, the 
stems being clothed with twigs which, m is common in poplan, are sooner or 
later thrown off by sepaiative layen near the bass. Because of this habit of 
growth, it can be planted very close together. It is sud to give an enormous 
yield of wood, because of its rapid growth and the absence of branches.*' 

'*ThiB tree is one of the best suited lor forming poplar plantations in humid 
soil and along the shores of rivers. The poles used in scaffolding are generally 
made of this species and the wood is that most generally used for the making 
of boxes for small shipm^its. ' ' (Pedro Qvrmid, ) 

dd5M>7 to 33200. Ptrus cohmunis L. Pear. 

33207. **FavorUa. This pear is described as folbws: Fruit very 
large, lemon yellow, flesh buttery, sweet, savory. Ripens the middle 
of August. A summer pear." 

38208. " P€ra de Roseia,'' 

83209. '*Pera de Aragon. Fruits large, yellow, flesh very fine, very 
juicy and sweet, ripening December and January. This is perhaps 
the pear which is exported all through southern Spain and even to 
Algeria and Morocco througliout the winter months. This pear, 
iriiich is said to come from Aragon, is a very broad, short fruit and can 
be shipped great distances, standing the roughest kind of handling. 
In fact, the pears are often handled like so much coal." 

88210 to 33212. Malus stlvbstris Miller. Apple. 

33210. "Pero Blanco de Ronda. In Spain all green apples, especially 
those of elongated form, are called, not mamana^, but perosy which 
has led to considerable confusion on the part of foreigners because of 
the similarity of this latter word with pera, which is pear. Perhaps 
because of this fact many of the best Spanish apples seem to be rela- 
tively little known to the horticulturists of other countries. This 
variety, the famous Pero Blanco de Ronda, often called simply Pero 
de Ronda, is a very delicious apple and one which is well adapted to 
export trade. It is a winter apple, ripening in Spain in the month of 
January." 

83211. ^'Pero Blanco de Dtiscal. This is another variety of pero^ 
about which no information could be secured except that it is a winter 
variety ripening in January." 

83212. '*Pero Encamado de Priego. Another variety which the name 
would indicate to be flesh colored; said to ripen from November to 
January. No description could be foimd of this variety." 

88213 and 33214. Cydonia oblonoa Miller. Quince. 

33213. ^*Antequera. The Spanish quinces are famous for their high 
quality, and the best are said to come from Antequera.'^ 

832 14. ' ' de AnUqwera. Probably the same as 3a213.<i 
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38905 to 882S4— Continued. 

83215 to 83218. Amtodalus communis L. Almond. 

83215. ** Malaguefla. ThiB is the famous Jordan almond, which is 
exported so largely from Malaga. I was told at the American consulate 
that some $800,000 worth of almonds had been exported from the 
port of Malaga alone during the year 1911. These exports consist 
largely of the Malaguefla variety. Jordan almonds are classified by the 
wholesale dealers as to number per ounce. They run from 15 to 30 
or more per ounce. The English market takes the very large size, the 
American market taking most of the 30's and other small sizes. Out 
of 100,000 boxes only three or four hundred would be as lai^ as 15 to 16 
to the ounce. This is called the export variety by the cultivators 
around Malaga, after the Spanish word 'exportacion.' It is grown in 
very dry situations and is properly speaking a dry-land crop of very 
great importance. Pedro Giraud, from whom the plants were secured, 
says of almonds in general that they give best results in warm, dry, 
rocky, limestone soils.*' 

88216. '^Almendro de Experama, A variety of almond recommended 
for culture by Mr. Giraud.'' 

83217. '^Almendro de la P. This is said to be a large, early variety of 
almond." 

832 18. " Almendro del Desmjoyo. This is an especially valuable variety 
of almond for testing on account of its hardiness. Pedro Giraud says: 
'The variety of almond del Desmayo is the most resistant to frost, which 
is caused by the peculiar attachment of the flower, which is turned 
downward, its corolla and sepals protecting it against the action of 
frost, in this way insuring the fertility of this sort when all other 
varieties would have their crops destroyed." 

88210 to 33221. Amtodalus pbrsica L. Peach. 

'^As to these three varieties of peaches no definite information was 
available, but as the Spanish peaches are famous for their quality, any 
variety which is propagated is likely to be good.'* 

83210. •' Vanqvtiar." 

83220. " Campiel Amarillo." 

33221. " Tempeanot Junto,** 

88222 and 33223. Prunus avium L. Cherry. 

33222. **Oarrafal, A giant cherry having firm, sweet flesh." 

33223. '^Garrafal le Grand. Another large variety of cherry, possibly 
of French origin. Said to ripen in June." 

33224. Prunus domestiga L. Plum. 
" Ciruela de Fraile. A variety ripening in June, said to be of excellent 

quality." 

33225. Olba buropea L. Olive. 

'*Gord€d or Sevillana. This is the famous variety which yields the large, 
green, pickled olives so common in America. It is largely cultivated in the 
zone immediately about Seville, where its culture is said to succeed better 
than in any other part of Spain. They run from about 70 to 200 per kilo, or 
about 30 to 90 to the pound. These enormous olives are of beautiful appear- 
ance, but by the Spaniards are not considered to be of as good quality as some 
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S3iI06 to 83234— Continued. 

of the other varieties, such as the ManmnUlo. The SevUlana variety is graded 
very carefully, ruimiiig 70, 80, 90, 100, and ao on per kilo, and this grading 
requires to be done very carefully, making the olives for the American market 
much more expensive than for the Argentine and other markets which do not 
require such an excessively careful grading." 

83226. Olka buropba L. 01iT«. 

**Hennanos. This is probably the Qiuuro m$nnanoi olive as noted by Dr. 
Eisen in the vicinity of Granada, which variety, as the name indicates, ia 
peculiar in having four fruits borne together, arranged in the form of a cross. 
Beyond this but little is known as to the variety, which may, however, be oi 
importance, since very good olives are grown in this region." 

33227 to 33220. Pdnica granatum L. TomegpnauktB, 

"Since the city and province of Granada get their name from the pomegian- 
ate, it is to be expected that this fruit would have attained great perfection in 
this region. The following collection includes three of the principal varieties 
as grown about Granada. Mr. Pedro Giraud recommends that they be grown 
in espalier against a wall, where they can be irrigated a little during the hot, 
dry Spanish summer. There is a laige exportation of pomegranates to England, 
and a small quantity reaches the United States. These are not shipped from 
Granada, but from ports in the east of Spain, especially Valencia." 

33227. '* Negro monstruoso.** 

33228. **0ra7iado de Jativa. This is said to be one of the most appre- 
ciated varieties in the region of Granada and is said to be without 
seeds." 

83229. ''Qrfmado de Rogi»e$V 

88230 to 33233. Fiona carica L. Fig. 

**The figs of Granada are famous for their abundance and good quality. Dr. 
Guatav Eisen has shown that the California mission fig came originally from 
Spain and probably was imported from Granada. It is difficult to imagine a 
variety better adapted to California conditions, and it ia hoped that some (A 
the following will prove equally well suited.*' 

33230. Albana. 

33231. Pata Mulo. 

83232. Ifahella. 

For description see No. 32878. 

83233. Breval Negra. 

88234. CoRYLus avbllana L. Haselnat. 

*^ Rouge Ronde. Spain furnishes the bulk of the hazelnuts that enter into 
the world's commerce, whole regions being given up to this remunerative cul- 
ture in the north of Spain. It is said to prefer rather light, cool soils and to 
grow well with more or less shade. The trees are set at short distances apart. 
From its name, meaning the 'round red,' the variety would seem to be of French 
origin." 

83236. Cabioa papata L. Papaya. 

From Philippine Islands. Secured through Mr. Alvin R. Schwab from Mr. J. A. 
Dunn of Akron, Iowa, by Mr. E. C. Green, in chaige. South Texas Plant Intro- 
duction Garden, Biownaville, Tex. BeceiTed March 22, 1912. 
Seeds. 
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88236 to 88238. 

fVom Buitenzorg, Java. Preeeoted by The Director, DepartoMiit d Agriculture. 
Received March 23, 1912. 
Seeds of the following: 

38286. CoRCULUM lbftofub (Hook, and Am.) Stunts. 

Seed of this polygonaceous climber were received under the name Antigonon 
Uptopiu Hook, and Am. This generic name, used but not technically pub- 
lished in 1837 by Endlicher (Genera Plantamm, p. 310), is antedated by Anti- 
gona, published in 1827 by Velloso (Flora Fluminensis, p. 186, vol. 4, pi. 145). 
As no other name has been suggested for the genus, Corculum, the diminutive 
of the Latin ^' cor" (heart), is used in reference to the diminutive heart-shaped 
rose-colored flowers. 

Variety cUba, See No. 19619 for description. 

88287. Otrus oecumana (L.) Murray. Pomelo. 
**DJ€roek pandan.** 

88288. Dracontomblon dao (Blanco) Merrill and Rolfe. Dao. 
See No. 32336 for previous introduction. 

88289. Bbassioa pekinensis (Lour.) Skeeb. Pai tsai cabbage. 

From Nanking, dhina. Presented by Mr. Jos^h Bailio, Univenity of Nanking. 
Received March 20, 1912. 

Shantwug. 

88241 to 88248. Sacchabum offiginabum L. Sugar cane. 

From Alighur, United Provinces, India. Presented by Dr. Parr, Agricultural 
College. Received March 23, 1912. 

Cuttings of the following: 

88241. Saraka. 88246. Kinar. 

88242. Khem. 88246. CAm. 
88248. MerUd. 88247. Mungo. 
88244. Dhawr, 88248. StmabeH, 

88248. Phragmites kabka (Retz.) Trin. 

From Japan. Purchased from the Yokohama Nursery Co., Yokohama. Received 
March 26, 1912. 

Udono-yoshi. "A perennial grass growing in marshy places. Its roots creep under 
the ground and shoot up stalks to a height of about 6 feet, bearing panicles at the tops. 
The stalks resemble small bamboos, being slender, light, and lustrous, and they are 
used to make blinds. The thickness of the stalk depends on the fertility or the 
groimd. Those growing by seacoasts are slender, flexible, and strong. This grass is 
planted in watersides to iHt>tect mud from being washed away by waves. Its young 
sprouts are edible. Those produced in Udono — ^village of Province Setsu — are called 
Udono-yoshi, and are very famous for their laige and long stalks. They are used to 
make Skichirikif a musical instrument." (Uteful PlanU of Japan, AgrieuUural So- 
ciety of Japan, 1896, pp. ttt-ttS.) 

See No. 21957 for previous introduction. 

88260 to 88266. Abalia oobdata Thunb. ITdo. 

Fnm Japan. Presented by Prof. Y. Kozai, Director, Imperial Agricultural 

Experiment SUtion, Niahigahaia, Tokyo. Received March 26, 1912. 
232 
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83250 to 88855— Continued. 

Roots of the following; quoted names and notes by Ftot. Kozai: 
"Varieties universally cultivated in Kyoto/' 

33350. ''Yotaemon, Red, early." 

83251. **Eanza. Late." 

33252. "Fushiaka. Node red, middle." 

'* Varieties universally cultivated in Saitama, near Tokyo.'* 

33253. ' 'Shiro, White, very early. ' ' 

33254. ''NakaU Utu-Aka. Rosy, middle.'* 

33255. ''JTon- Udo. Red, extra early." 

83256 and 33257. 

From Algeria. Presented by Dr. L. Trabut, Algiers. Received March 27, 1912. 

33256. Ttpha. blbphantina Roxb. 

From Kodjaberi. 

"This giant Typha is closely related to the rare T. elephantina of Java. This 
Typha has leaves which may attain 4 meters in length. It occurs in moist 
regions, but not in water. The tufts have a remarkable appearance — one would 
say a field of Phormium. The leaves are carinate, thick, but not very solid. 
It is cultivated for cooperage in Algiers, but the leaves break." (TrdlnU.) 

Roxburgh, Flora Indica, vol. 3, p. 566, calls this elephant grass and sayg 
elephants are very fond of it. 

DiiMnUion, — ^Marshes throughout India from the northwest to Assam and 
southward; also in Algiers. 

88257. Saochabum spontanbum L. 

From Bona. 

33258. Cacaba ebosa (L.) Euntze. Tain bean. 

From Kingston, Jamaica. Presented by Mr. William Harris, Superintendent 
of Public Gardens. Received March 27, 1912. 

"Flowers white. Seeds red. The root is formed of a number of simple cordlike 
fibers, several feet in length, stretching under the surface of the ground, bearing in 
their course a succession of tubers. 

"The beans are poisonous, but the root affords a very plentiful supply of very 
wholesome food. The produce of three plants is usually sufficient to fill a bushel 
basket. The tubers may either be boiled plain, in which state they are a very good 
substitute for yams and other roots in common use, or they may be submitted to a 
process similar to arrowroot, and a starch obtained. This starch is of a pure white, 
and is equal in every respect to arrowroot. To the taste it is very palatable, is easily 
digested, and is employed for custards and puddings. £ven the trash left after 
obtaining the starch, and which in the preparation of arrowroot is lost, may, when 
thoroughly dried, be formed into a palatable and wholesome flour. 

''A very excellent flour may also be obtained by slicing the tubers, drying them in 
the sun, and then reducing to a powder. 

"This plant is deserving of being more generally cultivated than it has heretofore 
been. It ou^t in a great measure to supersede the arrowroot in cultivation. It can 
be planted at any season of the year, and the roots are fit for digging in the course of 
four or fi^e months; the return is infinitely greater than that from arrowroot, and the 
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proportion of starch also is abundant, so that it can be brought to market at eo cheap a 
rate as to admit of being employed by the calico printers in place of potato starch. 

"The Kew Bulletin for 1889, page 17, quotes from letters from Dr. Trimen, Director 
of the Botanic Gardens in Ceylon, pointing out that the pods when young are not 
poisonous, but may. be eaten like French beans. He wrote: 'They are quite new to 
Ceylon * * *, The young pods served like French beans are an admirable 
vegetable, tender and sweet * * *, What constitutes their superiority over the 
ordinary French beans is the absence of any fibrous string along the sutures of the pod. 
The large size is also an advantage; they are often 10 or 12 inches long.' 

' ' In Jamaica the seeds are generally sown in March or April. But they can be sown 
at any time. At Hope Gardens seeds were sown in September. The pods are ready 
for use as French beans seven months after sowing, and when pods are quite ripe, 
nine months after sowing, the yams are fit to dig. From one seed sown at Hope 
Gardens five yams were dug weighing altogether 14 pounds. They generally vary in 
size from 1 foot to 18 inches long and 4 to 6 inches in diameter." {Bulletin No. 44 
of the Botanical Department of JaTnaica, June, 1893, p. 4-) 

33269 and 33260. 

From Para, Brazil. Presented by Mr. Walter Fischer, Campo de Cultura Experi- 
mental Paraense. Received March 29, 1912. 

Seeds of the following, taken from fruits brought in by Mr. Fischer: 

33259. Lectthis ubitata Miers. Sapucaia nut. 
"This is a large tree of the monkey-pot family, native of forests in the region 

of the Amazon. It has large, um-ehaped fruits of a hard, woody texture, about 
6 inches in diameter, with lids measuring about 2 inches acrosB. When ripe the 
lid separates from the capsule, emitting a sharp sound, which when heard by 
the monkeys is a signal that the nuts are falling and a scramble and fight to be 
the first to obtain them ensues; on this account few are left for the trader, and 
the export is consequently small. The common name of monkey-pot is ap- 
plied to the capsule when empty. " {Dictionary ofPopuiar Names of Economic 
Plants, John Smith, 1882.) 

See No. 25435 for previous introduction. 

33260. Theobroma qrandiflora (Willd.) Schum. Oupuacli. 

"This is a very common fruit here. Its odor and taste may be somewhat 
nauseating to some, at least if received in too large quantities, but it is really 
a very luscious fruit. It is used here considerably for making jellies and pre- 
serves, which have an aftertaste which may not be liked at first, but which, 
like that of the guava, when once acquired would become very popular." 
(Fischer.) 

DistribiUion. — Damp shady places in the forests of the Amazon Valley in the 
provinces of Amazonas and Para, in Brazil. 

33261. Eugenia sp. 

From Para, Brazil. Presented by Mr. Walter Fischer, Campo de Oultura Experi- 
mental Paraense. Received March 29, 1912. 

"This is a small-sized tree about 6 inches in diameter and 20 feet hig^. The fruit 
is bright red like a wild goose plum and of the same size. The peel or rind is some- 
what thick, but edible like the soft juicy pulp that surrounds the one or two large 
hairy seeds; the flavor is slightly resinous and also siiggests strawberry. It makes a 
good sauce when stewed and is also very good raw. '< (Fischer.) 
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33262. Stbnolobium sambucifolium (H. B. K.) Seemann. 

Ftom La Mortola, Ventimiglia, Italy. Presented by Prof. Alwin Berger, Director, 
Botanic GardenB. Received March 29, 1912. 

DistrihuHon. — An erect shrub, closely related to Sienolohium stans (L.) Seemann, 
from which it dififers in having a white-lobed corolla. Found in the vicinity of Montan, 
Peru, at an elevation of 8,000 feet. 

38263. Telfairia pedata (Smith) Hook. 

From Zanzibar, East Africa. Presented by the Director of Agriculture, Zanzibar 
Government. Received March 29, 1912. 

"A cucumberUke vine, growing over trees of considerable height throughout 
tropical Africa. The fruit sometimes attains a weight of 60 pounds and contains a 
laiige number of oily seeds about 2 inches in diameter. Tl.e oil from these seeds is 
said to be largely used for culinary purposes by the natives. The flowers are of two 
forms of varying shades of lavender and are several inches across. " (J8. C. StunU.) 

See No. 23731 for previous introduction. 

88264. Salsola arbuscula Pallas. Sazaul. 

From Algiers, Algeria. Presented by Dr. L. Trabut. Received March 29, 1912. 

"Saxaul, originally from Turkestan, sown in the Sahara at El Quad in 1895 and in 
1900. It flourishes vigorously in the dunes. Seed collected at £1 Quad, south of 
Biskra." (Trabut.) 

See Nos. 24555 and 28976 for previous introductions. 

83266. CucuMis melo L. Muskmelon. 

From Persia. Presented by Mr. C. A. Douglas, American Mission, Teheran, 
Persia. Received March 22, 1912. 

" Persian muskmelon. Found in Persia only at the town of Avonikaf , 50 miles from 
Teheran. An extremely hot climate and a desert country watered from mountain 
streams. The soil is a red clay, mixed with much gravel . The melon seeds are planted 
along the little ditches where the water may reach them weekly. They are not sown 
imtU late in May. The melon matures late in October and can be kept until 
December in a dry place. 

"The melon is in size and shape something like a small watermelon. On the out- 
side it is dark green, rough, with coarse, light-colored markings. The flesh is yellow, 
shading into green, quite firm in texture, yet full of water. In taste, it is remarkably 
sweet and of a peculiar luscious flavor. It is surpassed by no other melon found in 
this land of the melon, so that even the natives are willing to pay 20 cents apiece for 
them. " {DougUu,) 

88268. Languas galanga (L.) Stuntz. Oalangale. 

From Peradeniya, Ceylon. Presented by Mr. H. F. Macmillan, ciuator. Royal 
Botanic Garden. Received March 9, 1912. 

A zinziberaceous plant from the eastern Tropics, whose aromatic root furnishes the 
galangale used by the natives for indigestion. 

See Nos. 32036, 32037, and 32837 for previous introductions. 

88270. M^iLXLOTus officinalis micbanthus Schulz. 

Fkt>m Erassny Eoot, Samara, Russia. Collected by Mr. W. Bogdan. Presented 
by Dr. R. Regel, Bureau of Applied Botany, St. Petenbuig, Russia. Received 
March 27, 1912. 
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Distribfition, — Southeafltem RuBsia And Turkey, and eMtwird through Annenia, 
and Persia to Turkeetan. 

33271. Mybtus arayan H. B. E. Axayan. 

From Rio Verde, San Luis Potoei, Mexico. Preeented by Mr. F. Foex, Director, 
Agricultiiral Experiment Station of Rio Verde, through Mr. William A. Taylor, 
Assutant Chief, Bureau of Plant Industry. Received March 8, 1912. 

'* These seeds are from a fruit tree of the State of Jalisco. This fruit is well appre- 
ciated by young boys, and, above all, by young girls, but not by older people, because 
they are acid. But they are delicious — First, cooked with sugar; second, dried in 
sugar powder; third, in sauces for puddings, etc. ; fourth, in sirups. These fruits are 
very small, but when the young trees are 18 months old they can be budded with 
laiger and better varieties." (Foex.) 

See No. 30499 lor previous introduction. 

33272 to 33277. 

From Valencia, Spain. Presented by Mr. R. Frazer, jr., American consul, at 
the request of Mr. Harry B. Chase, Riverside, Cal. Received March 29, 1912. 

Seeds of the following; quoted notes by Mr. Frazer: 

83873 to 88974. CrrBULLua vuloaus (L.) Schrad. Watermelon. 

''The watermelon of this district, and indeed of all Spain, appears to be a 
fixed species that has undergone very little modification for centuries. The 
varying degrees of color and different percentages of sugar that distinguish 
the pulp of fruit grown in different localities in Spain appear to depend almost 
entirely on soil conditions rather than varieties, and the Valencia watermelon 
•tiU differs little from similar fruit grown in northern Africa. It does not 
attain very great size, but has a remarkably thin rind and highly colored meat, 
and is of superior quality. 

''The principal pests from which melons of all kinds suffer here are mildew, 
scale, and snails. The scale, which is said to belong to the feimily of the rose 
scale, is the most difficult to combat successfully, especially when dull, foggy, 
warm weather conditions favor its rapid propagation. The dry, parching 
winds that blow at irregular intervab during the summer from the semiarid 
interior of the coimtry effectively arrest the progress of this scale and if continued 
two or three days will exterminate it altogether. Snails are dealt with in a 
very practical and economic way by turning flocks of ducklings into the melon 
plantatioiis affected.'' 

88275 to 88377. Cucums mblo L. Miukmelon. 

38276. **Bronceado. This melon is oval or slightly conical in shape, 
with very thick meat and small seed cavity.'' 

83276. ^^ Negro. This melon is of a very dark unchanging-green color, 
of an elongated oval or cylindrical shape and imusually large, weighing 
9 to 16 pounds." 

88277. "Bronceado and Negro seed mixed." 

"These are the genuine winter melons of this zone, they are by far 
the best varieties and receive the greatest care in selection and cultiva- 
tion. Both at their best are wonderfully fine, and probably nothing 
fuperior of their kind can be produced in any part of the world. 

''The fame of the fine winter melons grown in this district, of which 
12,000 to 16,000 tons are exported anniuJly, has extended over the 
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8S872 to 38277 — Continued. 

88275 to 88277— Oontmued. 

greater part of Europe. Small shipmentB have been made in tecent 
yean to New York and Boeton, but the total lack of cold-storage facilitiefl 
in ships visiting this coast and the consequent very large percentage of 
deterioration in transportation has generally rendered such experiments 
unprofitable. 

''The Valencia system of melon raising requires seed beds and trans- 
planting. The seeds are planted in the former in clusters of five or six 
on a layer of animal manure wrought into a thick paste with the addition 
of water, each cluster being deposited in slight depressions in the surface 
about 8 or 9 inches apart. The bed is then covered with a light sprinkling 
of dry, pulverised manure which is kept moist by occasional spraying 
with water. Transplanting takes place when the two lateral branches 
of the plant are thrown out and the tip of the central growth ia just 
appearing. The more delicate plants are -discarded and only the health- 
iest and most vigorous utilised. 

"In preparing the soil for transplanting, the desired porousness is 
attained here by mixing with* it the sea sand used as hog bedding, to 
which is added fertiliser in the proportion of 1 sack of ammonia sulphate, 
the favorite nitrogenous fertilizer in this region, to 10 sacks of the sand 
bedding. The rows are separated frgm 6 to 7 feet, and the distance 
between each plant is 90 to 36 inches. Irrigation in the absence of rain is 
given at 8-day intervals. 

"In the Alicante district, a little to the south of this, the seed are 
planted definitely in the open in pits about a yard apart in which organic 
manure has been mixed with the soil. 

"It is very difScultto obtain selected melon seed true to variety on 
the open market in this country. £ach farmer reserves his own seed 
by a very practical method of selection, as only the seeds of fruit dis- 
tinguished at the family table by its sweetness, flavor, and thickness of 
pulp are set apart for future planting or exchange with neighboring 
burners. This process of selection continued through a succession of 
years appears to be remarkably successful, attaining such uniformity 
and high quality of product that it is not unusual to find a whole planta- 
tion without a single flavorless specimen among its crop. The smallness 
of Valencia farms, however, occasionally proves an obstacle in selecting 
and preserving the purity of varieties, as the proximity of inferior stock 
may easily nullify the care and labor of the most intelligent farmer in 
melon raising. 

"Winter melons are harvested in the early fall and are suspended in 
loops of esparto cordage from Dails in the beams of roofs and lofts, where 
they keep with but little deterioration for six months or more.'' 

SS278. Clematis sp. 

From Tangier, Morocco. Procured by Mr. Walter T. Swingle, of the Bureau of 
Plant Industry, from Mr. T. Goffart, of Tangier. Received March 26, 1912. 

"Seeds of an interesting species growing abundantly in Mr. Goff art's garden. I 
think it would be interesting for trial in Florida and California and perhaps with 
protection even as fax north as Washington." {Swingle.) 
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32889. Chaetochloa costata (Roxb.) Skeels. 

38430. Rytilix qranularis (L.) Skeels. 

32435. Mnesithea exai.tata (L.) Skeels. 

32608. ViGNA CYLiNDRiCA (Stickman) Skeels. 

82613. Synthebisma consanguine a (Gaud.) Skeeb. 

32786. Callistemon citrina (Curtis) Skeels. 

82824. Cajuputi cuticularis (Labill.) Skeels. 

32828. Cajuputi pulchella (R. Brown) Skeels. 

32828. Cajuputi wilsoni (Mueller) Skeels. 

32868. Tecoma pandorana (Andrews) Skeels. 

82870, in note. Tritoma macowani (Baker) Skeels. 

82871. Tritoma natalensis (Baker) Skeels. 
32872. Tritoma nelsoni (Masters) Skeels. 
88061. SoPHORA DAYiDi (Frauchet) Skeels. 
38188. Rosa cinnamomea malyi (Kern) Skeels. 
83286. CoBcuLUM Leptopus (Hook, and Arn.) Stuntz. 
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Abie8 numidica, 32706. 
Aeacia tcorpioideSy 33186. 
Acer hoseii, 33138. 
nikoense^ 33014. 
tataricumf 32422. 
trautvetterif 32975. 
Adansonia dxgitataf 33100. 
Aeschynomtne elaphroxylon, 33119. 
Aesculus turhinata, 32911. 
Affave earUala, 32480. 
Agropyron ep., 32407. 

eri8t€Uum, 32406. 
Akebia lobata, 33186. 
Alder. See Alniu maritima. 
Alfalfa (Algeria), 33091. 
(India) 32427. 
See also Meaicago spp. 
Allium cepa, 32884. 

Almond, Almendro de Esperanza, 33216. 

de la P., 33217. 
del Desmayo, 33218. 
Jordan, 33215. 
Malaguefia, 33215. 
Alnua maritima, 33139. 
Alyricarpus Umg^oliuBy 32432. 
Amatungulu. See Ccariua grandi/lora. 
Ambach. See Aetcfwnomene elaphroTcyhn. 
Ampelopsis humuli/olia, 32917, 33140. 

arimtalis, 33141. 
Amygdaha communis, 33215 to 33218. 
nana, 32760. 

X davidiana, 32662. 
peniea, 32372 to 32380, 33219 
to 33221. 
nectarina, 32678. 
Anacardium oceidentale, 32696. 
Anttropogon anniUattu, 32441. 
carieosuB. 32440. 
halepenns, 32784. 
pertuguB inseulptus, 32447. 
sorghum, 32653 to 32655. 
Annona cherimola, 32425, 32454, 32478, 
32479,- 33184. 
squamosa, 32463. 
Apoeopis sp., 32781. 
Apple, Pero Blanco de Diucal, 33211. 

Ronda. 33210. 
Encamado de Pnego, 33212. 
(Ruana). 32417. 
Apricot (Russia), 32663. 

(Russian Turkestan), 32832 to 
32836. 
Aralia cackemvica, 33142. 
ealifomiea, 32729. 

cordata, 32708 to 32712, 33250 to 
33255. 
Arayan. See Myrtus arayan. 



Aigan. See Argania spinosa, 
Ar^nia spinosa, 32918. 
Aristotelia macqui, 32919. 
Aroid, 32843. 

Artemisia jacoeum-wndis, 32785. 
Arthraxon lanceolatus, 32439. 
Arundinella fuscata, 32448. 
Ash, Gully. See EucaJypius smithii. 
red. See Fraxinu>s penntylvanioa. 
See also Fraxinus spp. 
Asparagus maritimus, 33144. 
officinalis, 33143. 

caspius, 33145. 
prostratus, 33146. 
tenuifolius, 33147. 
verticillatus, 33148. 
AstraqalvM albioaulis, 32413. 
hurigeanus, 32976. 
Ofri, 32977. 
kadshorensis, 32978. 
microeephalu^, 32979. 
uranio/tmn«i», 32980. 
Avocado (Guatemala), 32842, 32874. 
(Mexico), 32691. 
Roojp, 32426. 
seeoless, 32400. 
See also Persea spp. 
Azarol. See Crataegus azarolui, 

Bael. See Belou marmelos. 
Baobab. See Adansonia digitata. 
Barberry. See Berheris spp. 
Barley (China), 32484, 32485. 

(Russia), 32767. 
Bastard white-mahogany. See EucdUfp- 

tus umbra. 
Bauhinia purpurea, 32786. 
vanegata, 32787. 
Bean, Bonavist. See Dolichos lablab. 
jack. See Canavali enstforme, 
(Paraguay), 32695. 
soy. Auburn, 32909. 
Austin, 32891. 
Chestnut. 32908. 
Duggar, 32890. 
(India), 32491 to 32598, 32648, 

32649. 
Peking, 32907. 
Virginia, 32906. 
sword. See Canavali glacHaium, 
yam. See Cacara erosa, 
Belou marmelos, 32788, 33094. 
Benincasa hisvida, 33149. 
Berheris sp., 33024. 

acuminata, 33015. 
angulosa, 33016. 
anstata, 32789,33017. 
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Serbaii eanemna^ 33018. 

dieiyoph!/lla, 33019. 

ffoffnepatnii^ 32701. 

glohoaa, 32920. 

ouimpelii, 32921. 

iooheni, 33020. 

japoniea bealei, 32700, 32922. 

navatiUntiSf 32923. 

omobotrys, 33021. 

parvifolia, 33022. 

polyarUhay 32698. 

umfte/Zota, 33023. 

t)€rrucu2o«a, 32699. * 

vUmoriniana, 33024. 

yunnoTiennv, 33025. 
Berry, cow. See VaoeiniuM vilii-idaea. 

soap. See Sapinchu sp. 
^etuto aZ6a, 33150. 

daviurica^ 33151. 
Birch, cut-leaved weeping. See BettUa 

alba. See also Betula spp. 
BiMhofia javanioa, 32790. 
Booooma cordata, 33152. 

fnUuoem, 33102. 
Bombax mnlabaricumt 32791. 
Bonavist bean. See Doliehos lahlab. 
Bottle-brush tea-tree. See Cajuputi eri- 

dfoUa. 
Brackiaria enictformiiy 32429. 
Brachypodium gylvaticum, 32446. 
Bradburya pubescent^ 32780. 
Brasnoa juncea^ 32416. 

pekinentia, 33239. 
Bramelia pinguirij 32382. 
Buckthorn, Alder. See /2^mntu franr 

gula, 
Buriti. See Mauritia vim/era, 
Bulea monosprrma, 32792. 

Cabbage, Shantung, 33239. 
Cacara eroia, 33258. 
Cajuputi cutieularU, 32924. 

eridfolia, 32925. 

hypericifolia, 32926. 

pubesceru, 32927. 

pulcheiia, 32928. 

i&i£0ont' 32929. 
Calabash. See Loffenana vtUfforig. 
Calamm Unuii, 32793. 
Callioarpa maetophylla, 32794. 
Caf/ife^mon citrtna, 32795. 
Camphor. See Omfumiomum oampAora. 
Campomanema qp., 32703. 
Canat;a2t engiformey 32647. 

ffkuHatum, 32645, 32646. 
Caprifig. See jPtcta cortoa. 
Capncum annuum, 32370. 
Carex physodes, 32892. 
Corioa papaya, 33127 to 33132, 33235. 
Carisaa graridiflora, 32482. 
Cashew. See Anaoardivm oeddaUaU, 
CoMtasp., 32449, 32796. 
paUllaria, 32652. 
Catjang. See T%9ia (^ZtruHoa. 
C«i<if audibertiana, 32930, 33153. 
otwtroKt, 82797, 33154. 
caucatieat 32981. 



ChaOoMoa eotiata, 32399, 33137. 

moona, 32731. 
Cherimoya (California), 33184. 

(CosU Rica), 32425, 32478, 

32479. 
(Isdia), 32454. 
Cherry, Garrafal, 33222. 

le Grand, 33223. 
Japanese flowering. See Prumu 

pieudo-^eratui. 
(Russia), 32674, 32759. 
Siberian, 32664, 32665. 
Cfnococca alba, 33096. 
Christ's-thom. See Paliunu « p t n a- 

chrigti. 
Chrymnthemum dnerariae/olium, 33008. 
Chrysobalanus ieaeo, 32402. 
Cinnamomum oamphcra^ 32798. 
CitruUua vtdgaru, 32392, 32774, 33272 to 

33274. 
CSjtnu sp., 32726. 

deeumana, 32397, 32398, 33237. 
limeUa, 32460, 32481. 
no6t;u, 32875. 
Clem;... 4 (England), 33026. 
(Morocco), 33278. 
(Russia), 32763. 
CUmatU sp., 33278. 

mcmUtna^ 33026. 
tangutioa, 32763. 
aUaria launfolia, 32651. 
Clover (Russia), 33005. 
Cohoana sp., 33106 to 33110. 
Colutea arboreicensy 33027. 
buUata, 33028. 
ct7tcica, 32931. 
istria, 33029. 
media, 33030. 
Coneasi. See HoUnrrhena antidyaenterim. 
CcTcuhim Uptovut, 33236. 
Corn, Creole, 32490. 

(Ecuador), 33121 to 33126. 
ComiK QUBtrtOU, 32982. 
CanmiUa varia, 32414. 
Carylua avellana, 32419, 32420, 33234. 
CoUmeatter sp., 33047. 

ajmu, 32932, 33031. 

ftacOIoriff, 33032. 
applanata, 33033. 
fru&ata, 33034. 
buxifolia, 32933, 33035. 
francheti, 33036. 
/n^td^, 33037. 
AomontaZif, 33038, 33155. 
inisgerrima, 33039, 33156. 
ImdZ^yt, 33040. 
mieroj^Ua, 32934,33157. 
gladali$, 33041. 
tkymi/oUa, 32935, 
33042. 
mu/(\/lora yrcmaZennf, 33158. 
pannofo, 32936, 33043, 33159. 
racemijlora niiffimttlarvi,33044, 

33160. 
rotun^oZta, 32937, 33045. 
•tmonn, 32938, 33046. 
Cotton (AbyBsinia), 33089, 33090. 
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Cotton (Algeria), 33136. 
Gojamie, 83089. 
Gondarie, 33090. 
Sekallaridis, 33080. 
Cotyledon barbeyi, 32939. 
Ck>uraiiga. See Euealyftui $aKgna. 
Cowberry. See Vaecinxumvitu-idaea. 
Cowpea (Java), 32632 to 32638. 
Craceavillotaar^efUea, 32778. 
ftirea, 32650. 
purpurea, 32777. 
Crataegus amoimuiy 33161. 
azarolu9, 33205. 
koroVtowi, 33162. 
Crotalaria orixenni^ 32434. 
Cucumber, Murmnsky, 33092. 
Cueumis vulo, 32883, 33187, 33188, 33266, 
33275 to 33277. 
tativui, 33092. 
Cupuacd. 33260. 
Currant, black (Russia), 32761. 
golden (RiiMia), 32667. 
CRuflBia), 32762. 
Cydtmia oblonga, 32675, 32676, 32882, 

33213, 33214. 
Cymhopogon sp., 32885. 
CypreaSj Mlanje. See Widdnngto-Ma 
whytet. 

Dao. See Dracontomelon dao, 
Dammara alba, 33093. 
Daphne oleoidei, 32983. 
Date, Adel Malakawi, 3271 9. 

Adham el Hejd, 32850. 

Ahartann, 32854. 

Amary, 32724. 

Amhat, 32721. 

Bartamoda, 32720. 

Bint Aischa, 32723. 

Boufarik, 32901. 

D^la, 32859. 

Filial, 32849. 

Frihy, 32894. 

Gazaly, 32895. 

Gorm-Gazaly, 32896. 

Gundela, 32714. 

Hayany, 32717. 

Ibruny, 32716. 

(India), 33190. 

Kaiby, 32897. 

Kilma, 32715. 

Persian, 32421. 

(Russia), 32421. 

Saidy, 32898. 

Samany, 32725. 

Siwi, 32718. 

Sukkoti, 32713. 

Sultany, 32715. 

Takarbouchett, 32852. 

Tazerzait, 32851. 

Tilemson, 32858. 

Timdjpuhart, 32856. 

Timedouel, 32845. 

Timleah, 32857. 

Timoudjedel, 32846. 

Tinaassou, 32855. 

Tinakorr, 32847. 



Date, Tinasser, 32853. 
Tinhoud, 32848. 
Wedi. 32899. 
Wishk-Gobeil, 32900. 
Zagloul, 32722. 
Diospyrotep., 32886. 

kaki, 32656, 32748 to 32750, 
32864 to 32872, 32901, 33069, 
33070, 33086 to 33088, 33203 
to 33204. 
lotue, 32863. 
numtana, 32799. 
peregrins, 32800. 
unegalentis, 32464. 
Dol\cho9 biflonu, 32612, 32657. 
lablab, 32610, 3261L 
Dracontomelon dao, 33238. 
Dwranta repem, 32801. 

Ehretia acuminata, 32802. 
Elaeagnus angiutifolia, 32984. 
latifolia, 32940. 
muU{/lor(i, 33048. 
^ pungeru refiexa, 32941. 
l^lm, Indian. See noloptelea vnUgrifoUa. 
(Russian Turkestan), 32829 to 32831. 
ErUciomJthu» campanulatue, 33049. 
Erythrina veipeTtilio, 32803. 
Eucalyptus saligna, 32804. 
smUhii, 32461. 
umbra, 32462. 
Eugenia sp., 33261. 
Euonymv^ radicans carriers, 33163. 

verrucosus, 32423. 
Exochorda alherti, 33050. 

Fescue. See Festuca sp. 
Festuca sp., 32387. 
FiciMsp., 33182. 

carica, 32470 to 32474, 32878, 38097, 

33230 to 33233. 
lucescens, 32805. 
macrophflla, 33071. 
reiiaiosa, 32806. 
rojiurgkii, 32752. 
rubiginosa, 33104. 
Fig, Albanes, 33230. 

Ambourcouna, 32473. 

Breval Negra, 33233. 

(Greece), 32470 to 32474. 

(India), 32752. 

Isabella, 32878, 33232. 

Lombard, 32470. 

MetUinia, 32474. 

Moreton Bay. See Ficas maaro- 

phylla. 
Fata Mulo, 33231. 

Fort Jackson. See Ficus rubiginosa. 
Vasilica, 32471. 
Ysterounelea, 32472. 
See also F^cus spp. 
Flax (Russia), 32773. 
Fraxinus omus, 32942, 33120. 
pennteylvamoa, 33164. 

Galang^e. See Languas gdlanga. 
Oarcinia sp., 32704. 
Qeranium pidmalum, 32943. 
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GUdiUiaferox, 32807. 

macracanihaf 33165. 
GlydTie kispida. 32491 to 32598, 32648, 

32649, 32890, 32891, 32906 to 32909. 
Gmelina arbor ea, 32808. 
Gossyjnum sp., 33089, 33090. 
barbadense, 33080. 
obtuHfolium, 33136. 
Grape, Apatsiana, 32475. 

4reoussia, 32477. 

Asmi, 33114. 

Aswad-Kari, 33075. 

Orassera, 32476. 

(Greece), 32475 to 32477. 

Jb&'i, 33116. 

Jauz&ni, 33111. 

Jeresiana, 32879. 

E&safi-dakar, 33074. 

K&siifi-mti, 33118. 

Khudud-ul-banat, 33076. 

Mikssusi, 33115. 

Shahm&ni, 33112. 

Shatawi, 33113. 

(Syria), 33074 to 33076. 

Zeini, 33117. 
Graas, lemon, 32885. 

Natal. See Tricholaena rosea. 
Grevillea thelerrumniana, 32944. 
Greuna sp., 33103. 
Gully-asn. See Eucalyptus smUhii. 

Hackberry. See Celtis spp. 
Hawthorn. See Crataegus spp. 
Hazebiut, Rouge Ronde, 33234. 

(Russia), 32419, 32420. 
Hedera colchica, 32985. 
Hedysarum coronarium, 33073. 
Heilamaji tree. See Erythrina vesper- 

tUio. 
Helianthus annuu^Sj 32769. 
Heterophragma adervophyllum, 32809. 
Heulandia latebroaa, 32436. 
Hibiscus mutabilis, 33007. 
Hillock tree. See Cajuputi hyperid- 

folia. 
Molarrhena arUidyserUericay 32810. 
Holly, Chinese. See Ilex comuta. 
Holoptelea integrifolia, 32811. 
Honeysuckle. See Lonicera spp. 
Hardeum sp., 32484, 32485. 

vulgare, 32767. 
Horse-radish (Russia), 32660. 
Hursingar. See Nyctanthes arbor-tristis. 
Hypericum fragile, 33009. 

Icaco. See Ckrysobalanus icaco. 

"Ihvahai." 32679. 

^'Ihvavira," 32703. 

Ilex comuta, 32945. 

Indian-elm. See Holoptelea integrifolia. 

Indigo/era hnifolia, 32431, 32782. 

Iris caucasicttj 32986. 

reticulala, 32987. 

wilsoni, 32702. 
Ischaemum diiare vUlosum, 32445. 

pUosum, 32438. 
Ivory-nut palm. See Phytelephas spp. 
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Jack bean. See CananaMa emifofme, 
Juglans pyriformisy 33166. 

regia, 32418, 33180, 33181, 33189. 
Juniper. See Juniwrus spp. 
Junxperus excelsa, 32988. 

foetidissima, 32989. 
oxycednis, 32990. 

Karree. See Rhus lancea. 
Eatappa. See Termirudia catappa, 
"Kit-kiu," 33101. 

Kudzu. See Pueraria thunhergiana, 
Kydia calycina, 32812. 

Lagenaria vulgaris, 32393. 
Lagerstroemia parviflora, 32813. 

speciosa, 32814, 33183. 
Lallemaniia iberica, 32991. 
Languas galanga, 32837, 33268. 
Lantana sp., 32815. 
Larch, Siberian. See Larix sihiriea, 
Larix sibirica, 33077. 
Latkyrus roseus, 32992. 

rotundiJbUus, 32993. 

sylvestris, 32415. 
Laurel cherry. See Laurocerasus offiet- 

nalis. 
Laurocerasus officinalis^ 32994. 
Lecythis usitata, 33259. 
Leucaena glauca, 32816. 
Lipustrum sp., 33051. 
lAlium Tnonadephum (var. szowitsianum) 

X elegans, 32764. 
Lily (Russia), 32764. 
Lime, Kusaie, 32460, 32481. 
Linum usitatissimum, 32773. 
Lonicera bradeoUxris, 32995. 

heTvryi, 33052. 

maacHi, 33053. 

peridymenum, 33054. 

xylosteum, 33055. 
Lucem, sand. See Medioago saUva varia. 
Lueuma sp., 32381. 

Machilus nanmu, 32459. 
Maguey, Manila, 32480. 
Manobohobo, 32394. 

Mahogany, bastard white. See Eucalyp- 
tus umbra. 
AfaZt/^sp., 32417. 

cerasifera, 33167. 
m^dvnetshyana, 33056. 
sihkim^nsis, 33057. 
sylvestris, 33210 to 33212. 
Mani90Da rubber. See Manihot sp. 
Manihot sp., 32385. 
Maple (Russia), 32422. 

See also Acer spp. 
Maqui. Bee Anstotelia m^acqui. 
Mastic. See Pistada lentiscus, 
Maurida vinifera, 32873. 
Meconopsis aculeata, 33010. 

cambrica, 33011, 33081, 33082. 
heterophylla, 33012. 
intesFnfolia, 33083. 
paniculata, 33084. 
racemosa, 33013. 
wUithii, 33085. 
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Medicago sp., 32410. 

fakata, 32389, 32409, 32411, 32412. 
9aHva, 32427, 33091, 33193. 
varia, 32406. 
Meihomia heUrocarva, 33106. 
parvi/oUa, 32779. 
MelUotvs officinalit microfUkuSt 33270. 
Melon, KAfir, 32392. 

water. See Waleimelon. 
Meyer, Frank K . , seeds and plants secured , 
32387 to 32389, 32405 to 32424, 32660, 
32662 to 32676, 32757 to 32774, 32829 to 
32836, 32877, 33077 to 33079. 
MiUet (Russia), 32768. 

wild, 32731. 
MiMctrnthuM japonxcuiy 33191. 
Mlanje cypress. BeeWiddnngtomawhytei, 
Mneaith/a exaUata, 32435. 

laein$, 32614. 
Mola. See Parinan Tnobola. 
Monkey-bread. See Adantonia digitata. 



pot, 
»on, 



t, 33259. 



Muskmefon, Bronceado, 33275. 

(Italy), 33187, 33188. 
Negro, 33276. 
(Persia), 33266. 
(Spain), 32883, 33275 to 
33277. 



PhyUarUhuM 



Mustard, Sarepta, 32416. 
Jiyreiaria eduKs, 32679. 
Myrobalan, Emblic. See 

emhlica. 
Myrhu arayan, 33271. 

Nanmu. See MaekUut nanmu. 
Natal ^rass. See TVicholaenaroiea, 
Nectanne. See Amygdalui penioa nee- 

Uariwi. 
Nephelium lappaceum, 32902. 
Nettle tree, 33153. 
Nightshade. See Solanum nigrum. 
Nitraria tchobai, 32730. 
Nyctanthu arbor-trittU, 32817. 

Okote pine. See Piniu twcoU. 
OUa europtM, 32880, 33225, 33226. 
Oleaster. See Elaeagntu angusttfoUa. 
Olive, Cuatro Hermanos, 32880. 

Gonial or SeviUana, 33225. 

Hermanos, 33226. 
Onion (Spain), 32884. 
OroxyUm xndieumy 32818. » 
Owenia ceramfera, 32819. 

PaeomawlohottwiUchiy 32996. 

wiUmanniana, 32997. 
PaUunu Bjnna-chri$ti, 32998. 
Palm, ivory-nut. See Phytdephoi spp. 
Panicwn antidotale, 32452. 

miliaeeum, 32768. 

trypheran, 32437. 
Papaya (Java), 33127 to 33132. 

(Phihppine Islands), 33235. 
Parinan mobola, 32395. 
ParJanMomia aeuuaia, 32820. 
Parochetus eommunM, 32442. 
Pa$9iJlora Kgularii, 32403. 
Passion fruit See Poitiftora hgulan$, 
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Pea, cow. SeeCowpea. 

Persian everlasting. See LaikyruM 

rotundifoUus. 
(Russia). 32770 to 32772. 
Peach, Gampiel Amarillo, 33220. 
Mexican. 32372 to 32380. 
Tempeanos Junio, 33221. 
Vanqueur, 33219. 
See also Amygdalui ptnica. 
Pear, Amanlis Butterbime, 32741. 
Baronsbime, 32745. 
Beuckes Butterbime, 32736. 
Englische Sommerbirne, 32747. 
Favorita,33207. 
Gellerts Butterbime, 32739. 
Gute Louise von Avranches, 32737. 
Herzogin Elsa, 32735. 
Hofratsbime, 32746. 
Euemmelbime, 32742. 
Madame Favre, 32733. 
Magdalenebime, 32738. 
Pera de Aragon, 33209. 
RoseU, 33208. 
Philipp's Bime, 32743. 
Schoene Julie, 32734. 
Triumph von Viennes, 32740. 
Trockener Martin, 32744. 
Wild, 33001. 
See also Pyru$ spp. 
Ptdilajdkta aphyllus, 32840 
"Pembe," 32704. 
Peony. See Paeonia spp. 
Pepper, '*Pimiento Marr6n," 32370. 

red. See Capneum annuum, 
Perua sp., 32693. 

ammeana, 32400, 32426, 32691, 

32842, 32874. 
lingue, 32694. 
mexicarMf 32692. 
Persimmon (Algeria), 32901. 
Boufarik, 32901. 
(China), 32863. 
(Japan), 32748 to 32750, 
32864 to 32872, 32886, 
33069, 33070, 33086 to 
33088, 33203, 33204. 
Ormond Winter, 32656. 
Phaseolui aamiH/oHuB^ 32658. 

ealcaraiuB, 32599 to 32605, 

32640 to 32644, 33098. 
max, 32608. 
rodioftw, 32606, 32607. 
trUobalui, 32487. 
VKlgcaru, 32695. 
Phoenix dadylifera, 32421, 32713 to 32725, 
32845 to 32859, 32894 to 32900, 
83190. 
/arinifera, 32821. 
paludo$a, 32822. 
zeyUmica, 32823. 
PhragmiUt harka, 33249. 
PkylhrUhm emblioa, 32824. 
Phytalis bunyardi, 33068. 

phikuklpkica, 3316S. 
PhyUlephat sp., 32369. 

fiequitonaiiM, 32910. 
PioM ohowOa, 33078. 
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Pine (Mexico), 32386, 32841. 
Okote. See Pinus teocote, 
(Siberia), 33079. 
Pinguin. See Bromelia pinguin. 
PiniLS cembra, 33079. 
gr€ggii,S2Ml, 
teocote, 32386. 

Pipal. See Ficus religiosa. 
Piper, C. v., seeds secured, 32429 to 
32455, 32486 to 32489, 32491 to 32655, 
32777 to 32783. 
Pistache (Russian Turkestan), 32827, 

32828. 
Pistada lentiscus, 33169. 
mvJtica, 32999. 
vera, 32827, 32828. 

Pisum sativum, 32770 to 32772. 
"Pit-kiu," 33101. 

PUhecolobium unguis-cali, 32915, 32916. 
Plum, Ciruela de Fraile, 33224. 
(France), 33170. 

(Russia), 32424, 32669 to 32673, 
32757, 32758. 
See also Prunus spp. 
Podachaenium eminens, 32946. 
Podranea ricasoliana, 32969. 
Pomegranate, Granado de Roi^ises, 33229. 

Jativa, 33228. 
la Vega, 32881. 
Negro monstruoso, 33227. 
(North Carolina), 32753. 
Pomelo, Amov, 32397, 32398. 

(Java), 33237. 
Poplar, (;hopo, 33206. 

(Sweden), 32775, 32776. 
See also Populus spp. 
Poppy, plume, 33152. 

Welsh. See Meconopsis cam- 
brica. 
Populus sp. 33206. 

nigra, 32776. 
(remula, 32775, 33000. 
Privet. See Ligustrum sp. 
Prosopis slephaniana, 32728. 
Prune (Switzerland), 32751. 
Pruntx^ spp., 32457, 32751. 

armeniaca, 32663, 32832 to 32836. 
avium, 32674, 33222, 33223. 
dmrustica, 33170, 33224. 
fruticosa, 32664, 32665. 
padus, 32759. 
mexicana, 32458. 
pseudo-cerasus, 32860. 
spinosa X daniestica, 32424, 32669 

to 32673. 
msuriensis, 32757, 32758. 
Pterocarya sorbi/olia, 32912. 
Pueraria thunbergiana, 32428. 
Punica granatum, 32753, 32881, 33227 to 

33229. 
Pyre thrum. See Chrysanthemum cinera' 

riaefolium. 
Pyrus canescens, 33 1 7 1 . 

communis, 32733 to 32747, 33207 to 
. . 33209. 

pyraster, 33172. 
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Pyrus nivalis elaeagri/olia, 33001. 
obkmgifolia, 33173. 

"Quaqua," 32705. 
"Queensland-plum.*' See Owenia cera- 

si/era. 
Qumce (Russia), 32675, 32676. 

(Spain), 32882, 33213, 33214. 

Radicula armoracia, 32660. 
Radish, horse. See Horse-radish. 
Rambutan. See Nephelium lappaceum, 
Randia/ormosa, 32913. 
Raspberry, blackcap (India), 32453. 
(Ceylon), 32486. 
(India), 32450. 
Rattan. See Calamus lenuii, 
Rhamnu^ sp., 33058. 

Jrangula, 33059. 
valkmi, 33002. 
Rhododenaron caucasicum, 33060. 
Rhus excisa pallens, 32947. 

lancea, 32390. 
Ribes aureum, 32667. 

meyeri, 32761. 

frjaimbens, 32762. 
Rosa sp., 32967. 

acicularis n ipponensis, 33196. 

agrestis, 32948. 

beggeriana, 33194. 

cinnamomea malyi, 33199. 

cymosa, 32949. 

damascena, 32950. 

trigintipetala, 32951. 

fedtschenkoana, 33201. 

fendleri, 32952. 

hemispherica, 33202. 

indica, 32953 to 32955. 

leschenaultiana, 32956. 

lyellii, 32957. 

macrophylla, 33200. 

oxyodon, 32958. 

pAo«iicia, 32959. 

sempervirens, 32960. 

serajinii, 32961. 

soulicana^ 32962. 

spinomsima, 32963, 33197, 33198. 
X rugosa, 32668. 

tomentelta allionii, 3*2964. 

viroiniana, 32965. 

weobiana, 33195. 

wilhnottide, 32697. 

xanthina, 32966. 
Rose (England), 32697, 33194 to 33202. 

(Italy), 32948 to 32967. 

(Russia), 32668. 
Rowan-(Russia), 32666. 
Rubber, Manifoba, 32385. 
Rubu^ sp., 32486. 

gowreephul, 32451. 
lasiocarp^is, 32453. 
rugosus, 32450. 
Rytilix gfahularis, 32430. 

Saccharum offidnarum, 33241 to 33248. 

spontaneum, 33257. 
Salixfragilis, 33135. 
Salsola arbuscula, 33264. : 
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Salvia sp., 32401. 

Sand lucem. See Medicago sativa varia, 

Sapindus sp., 32371, 32914. 

Sapucaia nut. See Lecuthis usitata, 

Saxaul. See SaUola arbuseula. 

Silk-cotton tree, red. See Bombax mala- 

baricum. 
Soapberry. See Sapindus sp. 
Solanum niffrum, 32404, 33003, 33004, 

33174 to 33179. 
Sophora davidi, 33061. 
Sorbus aucuparia X OTnericana, 32666. 
Sorghum (India) 32653 to 32655. 
Soy bean. See Bean, aoy. 
Spikenard, California. See Aralia cali- 

fomica. 
Spruce (Siberia) 33078. 
SUnolobium sambuci/olium, 33262. 
SttzoloMum spp., 32488, 32489, 32615 to 

32621. 
Strychnoi ep., 33099. 

gerardi. 32705. 
Suear cane (India), 33241 to 33248. 
Sulla. See Hedysarum coronarium. 
Sunflower (Russia). 32769. 
Sweetsop. See Annona squamosa, 
SyiUhen»ma eonsanguinea, 32613. 
sanguinaU, 32433. 

Tangerine, Clementine, 32875. 
Tarcj, Elepaio, 33108. 

Kuoho, 33109. 

I^hua, 33110. 

Manapiko, 33106. 

Wehiwa, 33107. 
Tea-tree, bottle-brush. See Cajuputieri- 

dfolia. 
Tea-tree, Wilson's. See Cajupud wil- 

soni. 
Teama pandorana, 32968. 
Telfairia pedata, 33263. 
Terminalia catappa, 33192. 
Themeda iriandra, 32444. 
Theobroma grandiflora, 33260. 
Thorn. Christ's. See Paliwrus spina- 

christi. 
"Toon tree." See Toona ciliata. 
Toona ciliata, 32826. 
Tricholaena rosea ^ 32455. 
TVifoliuTn angustifolium, 33005. 
Tnpogon filifomvis, 32443. 
TrUicum aestivum, 32405, 32661, 32681 
to 32689, 32765, 32766. 
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Triticum durum, 32388, 32680, 32877. 
Tritoma corallina, 32970. 

natalensis, 32971. 

nelsoni, 32972. 

tuckii, 32973. 
Typha elephantina, 33256. 

Uapaea sansibarica, 32394. 
Udo, Fushiaka, 33252. 
Hanza, 33251. 
Kan, 32709, 33255. 
Nakate Uau-Aka, 33254. 
Oku aka, 32711. 
Shiro, 33253. 

oku, 32708. 
wase, 32712. 
Wase aka, 32710. 
Yozaemon, 33250. 
Ulmussp,, 32831. 

densa, 32829, 3?S30. 
Undetermined, 32843, 32844, 33101. 

Vacciniumvitis-idaea, 32391. 
Viburnum colinifolium, 33062. 
phlebotrichum, 33063. 
pubescenSy 33064. 
rhytidophyllum, 33065. 
sargenti, 33066. 
wnghlii, 33067. 
Vicia persica, 33006. 
Vigna cylindrica, 32609, 32639, 32659. 
sesquipedalis, 32622 to 32631. 
sinensis, 32632 to 32638. 
Vitis vini/era, 32475 to 32477, 32879, 33074 
to 33076, 33111 tj 33118. 

Walnut (Italy), 33189. 

Manchurian, 33180, 33181. 

(Russia), 32418. 

Sorrentmo, 33189. 
Watermelon (Rhodesia), 32392. 
(Russia), 32774. 
(Spain), 33272 to 33274. 
Welsh-poppy. See Meconopsis cambrica. 
Wheat (Argentina), 32680 to 32689. 

Rieti, 32661 . 

(Russia), 32405, 32765, 32766. 

(Siberia), 32388, 32877. 
White- mahogany, bastard. See Euea- 

lypius umbra. 
Wufdringtonia whytei, 32396. 

Zea mnys, 32490, 33121 to 33126. 
Zornia diphylla, 32783. 
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This paper presents the results of extensive experiments with 
cereals begun in 1903 at Channing, Tex., and continued since 1906 at 
Amarillo, Tex. The results of less extensive experiments conducted 
coop^atively at ChiUicothe and Dalhart, Tex., are also included. 

The transition from ranch and range to farm and crop has been 
steady in recent years. As the conditions under which crops must be 
grown in this area are severe compared with those to which most of 
the settlers have been accustomed in more humid areas and at lower 
elevations, the demand for information concerning adapted cereals 
and methods of cereal production in the Panhandle has been and still 
continues to be very insistent. It is thought that this paper wiQ 
supply much of the desired information. 

The Office of Cereal Investigations desires to express herein its 
appreciation of the hearty cooperation shown by the Capitol Freehold 
Land & Investment Co. on its headquarters ranch at Channing 
through its representative, Mr. Walter Farwell, and by the Chamber 
of Commerce at Amarillo, Tex., through its various secretaries. 
Respectfully, 

B. T. Galloway, 

Chief of Bureau. 

Hon. James Wilson, 

Secretary of Agriculture. 
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CEREAL EXPERIMENTS IN THE TEXAS 

PANHANDLE. 



INTBODXTCTION. 

In the fall of 1903 the Office of Cereal Investigations of the Bureau 
of Plan|«.IiKJLu^tr7 began definite experimental work in the Texas 
Panhandle. This was done in response to an increasing demand 
for information on cereal crops and cropping methods adapted to 
that general region. The demand came partly from farmers recently 
settled in the region and partly from' the owners of large areas of 
land situated therein, which they wished to sell profitably in small 
tracts for farms. Some interest was also manifest among ranchers 
who desired to grow feedstuffs for their herds. 

PAST AND PRESENT CONDITIONS IN THE PANHANDLE. 

The conditions then existing or which had existed in the immedi- 
ate past were those .which formerly obtained over the entire Great 
Plains area. The land was occupied by immense cattle ranches, 
used only for grazing purposes. The usuaUy dense growth of short 
but nutritious grasses, chiefly buffalo grass and blue grama, fur- 
nished both winter and summer pasturage for countless numbers of 
beef cattle, which had no other feed from weaning time to marketing. 
Under this system, from 15 to 40 acres of grazing land were required 
for each animal, depending on the nature of the grass cover, the 
character of the season, and the time of year. 

In the half-dozen years previous to 1903 this system had been 
gradually changing. Overstocking the range had resulted in heavy 
losses during seasons of drought and in severe winters. A call for 
feeding crops suited to the plains was coming from ranchers. The 
demand for new, cheap lands for homes and crop production was 
increasing. The large ranches were being divided and portions sold 
for farms. This process is still going on throughout the range 
country. 

Most of the settlers come from the more humid States of the 
Mississippi Valley area, where conditions are almost entirely differ- 
ent. Some of them bring the proceeds of high-priced lands and 
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invest heavily; others come with only meager equipment and financial 
resources. None of them have knowledge of the crop varieties or 
cropping methods most likely to be successful under the rigorous 
conditions prevailing on the high, dry plains. But few are helped 
and many are injured by the partial data and misinformation so 
commonly se^t out to inquirers by land-selling agencies. Few 
settlers can afford to lose their crops during the first year or two in a 
new country^ and none of them are equipped to discover proper 
crops and methods by experiment. This is, however, the proper 
service of the Federal Department of Agriculture and the State 
experiment stations. 

LOCATIONS OF THB EXPBRIMBNTAL WORK. 

It was under the conditions outlined briefly in the foregoing para- 
graphs that experimental work was undertaken in the Texas Pan- 
handle. Investigations began on August 20, 1903, when the junior 
writer was assigned to the work in that region. Cooperation was 
effected with the management of the Capitol Freehold Land & 
Investment Co., because of their desire to obtain feed grains for their 
horses and a part of their cattle. 

The principal experiments were conducted on the XIT ranch of 
this company at Channing, Tex., from October 10, 1903, to the end 
of the cropping season of 1906, and at Amaiillo, Tex., after that date. 
In the fall of 1905 part of the work was transferred to farm No. 1 
at Amarillo, where a much broader plan of experimentation was 
adopted for 1906 and the following years. The year 1906 being the 
first one at Amarillo and the final one at Channing, the tests were 
arranged so that those at Channing were largely with the most 
successful varieties as indicated by the results up to that time. The 
Channing data for 1906 therefore cover a much smaller number of 
varieties and deal more with cultural methods and results on larger 
plats. 

The success attending these early operations was so marked that 
the work expanded rapidly, and other offices of the Bureau of Plant 
Industry availed themselves of the opportunity to conduct experi- 
ments at Amarillo in cooperation vdth the Office of Cereal Investi- 
gations. In 1908, farm No. 2 at Amarillo was obtained and equipped 
to continue the work which was then being closed on farm No. 1, 
because, owing to its proximity to the growing city, a renewal of the 
lease could not be had. The actual transfer of the work to the 
second farm was made between the cropping seasons of 1909 and 
1910. The conditions existing there are treated briefly after the 
consideration of the experiments at Channing and on the first 
Amarillo farm. 
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From the standpoJats of climate and crop production, the points 
of operation are representative of almost all the Texas Panhandle 
and also of a large part of eastern New Mexico and western Okla- 
homa. The area contains about 25,000 square miles; the experi- 
ments were planned to benefit the settlel^ throughout this region. 

NATURE OF THE EXPERIMENTS. 

The lines of experimentation which Were pursued included the 
introduction, comparison, and improvement of varieties of cereal 
crops, tests of soil tilli^, seeding and cultivation methods, and a 
study of crop rotations to determine those best adapted to profit- 
able crop production and soil improvement. Some years after the 
work was begim the tillage and rotation e:speriments of a general 
nature were placed under the charge of a newly created office of the 
Bureau of Plant Industry, designated as DFy-Land Agriculture. 
The experiments so transferred, as well as those conducted since by 
that office, as also experimaital work conducted cooperatively with 
other offices of the Bureau, are presented here simply as parts of the 
work conducted at the Amarillo Cereal Field Station., 

After the work of the Office of Cereal Investigations was started 
in the Panh^dle two stations were established for work in that 
region by other offices of the Bureau of Plant Industry. One of 
these is a cooperative forage-testing station At Chillicothe, Tex., 
maintained by the Office of Forage-Crop , Investigations and the 
State of Texas. The other is a farm of the Office of Dry-Land Agri- 
culture at Dalhart, Tex. Varietal tests of grains have been con- 
ducted cooperatively on a small scale at botJi points. The results 
obtained and the conditions existing at the time are treated briefly 
in this bulletin. 

aXVBBAL PHYSIC AI. DATA FOB THB PANHAKDLE. 

LOCATION. 

Strictly speaking, the ^'Panhandle" is the designation applied to 
tha/t part of northwestern Texas which extends northward from the 
main body of the State. In common practice, however, this term 
is usually applied to the entire northwestern part of the State, 
including the so-caDed ' * Staked Plains.' ' The word is here used in the 
broader sense. Figure 1 is a sketch map of this region. No definite 
eastern or southern boundary for the Panhandle has ever been fixed, 
though the eastern boundary is generally held to be the escarpment 
locally known as the'* 'cap rock," which roughly approximates the 
line of the 2,000-foot contoiu*. The results given herein are applica- 
ble to all the region lying above the level of 2,000 feet and to a 
28a 
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considerable extent to the lower elevations. They apply also to the 
adjacent similar areas in New Mexico, Colorado, Oklahoma, and 
Kansas. 
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FiQ. 1.— Sketch map of the Panhandle region of Texas and the surroiindlng oountry. The 
Panhandle region as discussed in this bulletm is indicated by the shaded boundary. 

ELEVATION AND DRAINAGE. 

The western half or two-thirds of this region is a high and nearly 
level table-land with an average altitude of about 4,000 feet and with 
a rather uniform slope to the east and southeast. The highest eleva- 
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tion reached is about 4,800 feet in the extreme northwest, while the 
southeastern border has an altitude of only 1,500 to 2,000 feet. 
East of the nearly level high plains is a rough, broken area where 
the cap rock is worn through and erosion is more rapid. E^astward 
still, below the cap rock, the country is rolling. 

Drainage is eastward through the tributaries of several rivers, 
among them being, from north to south, the (Hm&rron, Canadian, 
Red, Pease, Brazos, and Colorado. In the high plains, above the 
cap rock, these streams tend to form canyons, the most notable 
being that of the Red River from Canyon, in Randall County, east- 
ward for 60 miles. 



The soil varies from a light sand in some parts to a heavy clay or 
adobe in others. The clay soil predominates. The sandy soil is 



Tta. 3.— Site ortbe AmarlUa Oereal Flsld Station in iwe, befora tbe eiperlmeiits wen begun. 

covered with bunch grasses, while the day soil is covered with buf- 
falo, curly-mesquite, and blue-grama grasses. Figure 2, reproduced 
from a photograph of the site of the first experimental farm at Ama- 
riUo before work was begun, shows the nature of the country and 
the character of the vegetation on the clay-loam soU there. These 
soils are all quite fertile, judging from th^ power to produce crops 
when there is sufficient moisture. They are, however, very defi- 
cient in humus, owing to the scanty growth of the native vegcta. 
tion. This lack of humus in the soil lessens its capacity to absorb 
and retain the moisture which falls upon it. It ako leaves the soil 



14 



CEBEAL EXPSBIMENTS IN THE TEXAS PANHAISTDLE. 



in a condition to become compact and to bake readily after heavy 
rains. < 

CLIMATIC CONDITIONS. 

No climatic data were available at Channing when the first experi- 
mental work was started there. The United States Weather Bureau 
has conducted an observatory at Amarillo since 1892, and there were 
disconnected records at two Army posts covering an earlier period. 
These records and a careful consideration of the native vegetation 
were of much value in choosing the general types of the various 
crops with which to begin work. 

The principal climatic features of the Panhandle are a limited 
annual rainfall of irregular seasonal distribution with a great loss of 
water due to runoff during torrential showers, a relatively low 
atmospheric humidity, a high average wind velocity, a very high 
rate of. evaporation, and violent fluctuations of temperature accom- 
panied by cool nights in all the district except the lowest parts to 
the east and south. 

RAINFALL. 

The average annual rainfall for the 20 years from 1892 to 1911, 
inclusive, at Amarillo is 21.41 inches, three-fourths of which comes 
during the growing season, from April to September, inclusive 
(Table I). 

Table l.^Monthly precipitatwn, in vMhes, at AmariUo, Tex.j for the tO yean from 

1892 to 1911, induaive} 
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The seasonal rainfall is sometimes very irregular in its distribution; 
both as to time and locality. The monthly totals of rainfall often 
give a wrong idea of moisture conditions to a person unfamiliar with 
the country. The following not infrequent case will serve to illus- 
trate: A heavy rain falls the first part of one month, the total quan- 
tity about equal to the average precipitation for that month. Then 
a period of drought follows, no rain falling for six or seven weeks, the 
drought finally being broken by heavy rains at the end of the second 
month, closely approximating the average for that month. Thus, 
the monthly averages show the normal rainfall, while in reality a 
severe drought has existed during the greater part of the period cov- 
ered. This will be better understood by a close examination of the 
daily records in Table II. 

Table II. — Daily and monthly precipitation^ in vncku^ at Amarillo, Tex., for the years 

1905 to 1911, inclusive.^ 
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Table II. 



-Daily and monthly predpUation^ in inches, at ATnarillo, Tex., for the years 
1906 to 1911, inclusive — Continued. 
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26 












.26 










27 


0.24 


Trace. 
0.02 








.04 
.04 












28 




....... 

.01 


.14 
.17 
.19 
.03 








.02* 






29 












30 


.04 








.01 
.16 


Trace. 








31 








.14 








1 




■ ' 






Total 


Ml 


.24 


.02 


1.25 


.99 


1.97 ' 1.49 

1 


6.20 


.91 


1.79 


.66 
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Table II. — Daily and monthly precipitation, in vncKea, at AmarillOf Tex., for the years 

1905 to 1911, inclvMve — Continued. 



1908. 



Day. 


Jan. 


Feb. 


Mar. 


Apr. 


May. 


June. 


July. 


Aug. 
0.82' 


Sept. 


Oct. 


Nov. 


Dec. 


1 














1.07 


0.74 
.05 








2 


0.02 


















3 


.20 


0.01 
Trace. 


















4 




0.01 












0.15 






5 


Trace. 
















6 










0.42 
.34 


.01 
.18 












7 








Trace. 














8 






Trace. 












9 






.15 




Trace. 














10 




.01 
.10 










. 






11 






Trace. 








Trace. 






0.01 

.04 

Trace. 




12 








Trace. 
.10 








13 




.12 
.48 










.77 
Trace. 








14 












.23 






15 


.04 




.62 
.09 














16 






0.46 








.15 








17 










.54 

.02 
.36 


Trace. 








18 








. 








Trace. 
.15 






19 








1.03 














20 












.11 

Trace. 

.48 








21 
























22 






1 


1.81 

1.05 

Trace. 






Trace. 


.10 


*••.■*■ 




23 




Trace. 




'■.'35' 


Trace. 






24 


















25 














.32 
.18 
.16 








26 
















.25 
.32 








27 












Trace. 
.58 


1.13 




.09 
.36 
.01 




28 












29 






Trace. 
Trace. 




Trace. 




.04 

.60 

1.35 










30 






.19 


Trace. 










31 






Trace. 






























TotaL.... 


.26 


.72 


Trace. 


1.90 


3.55 


1.73 


5.40 


2.75 


1.83 


.40 


.51 





1909. 



1 


Tn^. 
0.01 










Trace. 
0.10 


1.18 












2 . . 




















3 






1 


.02 
Ttace. 


0.10 
.06 
.04 

*."32' 
Trace. 
.34 


■ • • ^ » • • 






0.01 


1 




0.02 
.02 




1 




0.47 

.20 

Trace. 

1.49 






.12 


5 






! 










6 






I 


Trace. 

.20 

Trace. 


.67 

'".'82 
.20 






Trace. 


7 
















s 






0.07 


0.07 


0.04 


0.04 




Trace. 


9 








10 


Trace. 
.06 






1 
.......1....... 


.20 
.34 

.08 
.88 
.18 
.01 
Trace. 










11 




.44 
.20 


1 














12 


Trace. 








03 
Trace. 




0.99 

.12 

Trace. 

.24 




1.^ 




Trace. 
Trace. 


'■'.*6i' 


Trace. 

Trace. 

.01 




14 






1 


Trace. 


15 






, 








16 










Trace. 








17 
















.92 
.21 
.01 




.36 


18 




.24 




1 








Trace. 


.05 


19 




Trace. 


'".is" 

.06 

.11 

Trace. 


.27 
.60 

".*65" 
.03 
.03 


i.ds 

.34 
Trace. 


Trace. 


Trace. 
Trace. 


Trace. 


20 




Trace. 




21 












22 


















Trace. 


28 




Trace. 


Trace. 














24 




.31 
.65 
.25 














25 






.10 
.63 












26 






















27 










.05 






.57 
.96 
.35 




28 






















29 
























30 






.03 

.54 


.30 


.01 


.10 












31 




































T9tal 


.07 


.28 


1.28 


.50 


1.08 


4.72 


3.63 


.87 


2.19 


1.18 


3.25 


.54 
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CEREAL EXPERIMENTS IN THE TEXAS PANHANDLE. 



Table II. — Daily and monthly precipitation, in inches^ at AmarillOj Tex. y for the years 

1905 to 1911 , inclusive — Continued. 



1910. 



Day. 


Jan. 


Feb. 


Mar. 


Apr. 


May. 


June. 


July. 

0.21 
.01 


Aug. 


Sept. 


Oct. 


Nov. 


Dec. 


1 












Trace. 


• 








2 




Trace. 
Trace. 








"6:07' 


Trace. 








3 


Trace. 
0.03 






0.67 
.31 
.02 






1 


4 




0.10 














6 






0.01 
.02 


.05 
.07 


.02 

.18 






0.27 




6 
















7 










Trace. 










8 












.32 

2.06 

.02 












9 








.22 






.64 
.18 










10 




















11 


.01 
.01 












Trace. 


0.02 






12 






Trace. 

.26 
Trace. 

.01 








Trace. 






13 






.20 
.03 

.77 


.02 












14 


Trace. 










Trace. 




.01 


Trace. 


16 




0.06 

.15 

Trace. 


Trace 


Trace. 
.19 
.01 

Trace. 




16 




0.17 










17 




Tncfs. 


1 










18 








.17 


. . : iTraoe. 

1 










19 






Trace. 






.06 
.18 






20 










1 








Trace. 


21 








.60 
.05 
.01 


::::.::i:::::: 








22 










.01 






Trace. 








23 




Trace. 
















24 








Trace. 1 


.26 
.02 


0.05 








25 




Trace. 




TT»fift. 


.07 
.25 












Trace. 


■ 










S::::::::::::::::::::: 






.20 














m:::::::::::::j::: ::: 




.13 




.28 












Tra4?e. 


29 




















^ 






Trace, 
















31.:..:...: i :::::. 










.84 


.02 








Trace. 






















Total 


.06 


.17 

1 


.34 


.69 


2.99 


.66 


3.57 


2.19 


.05 


.26 


.28 


Trace. 



1911. 



1 


0.05 


1 










0.20 




'^oAz 


0.06 
.33 

Trace. 

Trace. 
.12 




2 




Trace. 

Trace. 

0.01 






0.01 

Trace. 

.01 




3 




1 












4 




Trace 


Trace. 








Trace. 
Trace. 




5 






Trace. 




6 










Trace. 


.32 
.04 






7 




[ 








Trace. 








8 








•••'■•" ------- 








9 




1 






0.11 


.03 




0.13 






0.01 


10 




6.16 '--! 


Trace. 






■■»■•>• 




11 










.06 

.32 

.42 

Trace. 












12 








Trace. 












13 










0.40 
.15 
.01 










•••••"» 


.02 


14 


















Trace. 


15 


Trace. 










.41 








16 


.46 








.03 

.5C' 










1; 


.07 


1.61 
.22 
.15 








.08 












18 










Trace. 

Trace. 

.01 






.04 


19 












.68 
.47 
.49 
.12 


".'67" 
.66 
2.02 






.76 


30 




6.40 


""."64" 


.04 




.07 
Trace. 


^ 


.07 


21 




Trace. 


.10 




22 












23 


.01 


' 




2.61 
.07 
.02 
.01 














24 


















25 




•••**"*i 




Trace. 












.02 


26 




1 


.61 




1 




.19 
.17 
.14 
.14 


.06 
.35 


Trace. 


27 1 


.03 
.20 






.01 


.16 
.03 
.14 


Trace. 
.02 






28 


Trace. 






1.64 

2.90 

.13 




29 


. i _. 




Trace. 


30 




1 




.28 


.08 


31 




) 1 




.02 
















1 











Total 


.13 


2.88 


.60 


2.76 


6.88 


.20 


3.85 


2.97 


.83 


.84 


.94 


.95 
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Many of the rains during the aiimmer are very local in character, 
consisting of heavy showers at different points with stretches of 
almost no rainfall between. To illustrate the variation in rainfall 
at near-by points, Table III gives a comparison of the rainfall at 
the United States Weather Bureau observatory and at the cereal 
toting station at AmariUo, Tex., for seven months during the grow- 
ing period of 1909, the distance between the two points of observa- 
tion being 2^ miles. 

Table 111.^ — Companion of the rainfall, in intha, at the United Slalft Weather Bureau 
ohtervatory and at the Amarilto Certal Field Station, A'maHllo, Tex., from March I to 
September 30. 1909. 



sution. 


- 


Apr. 


May. 


'"- 


Julj. 


Aug. 


Sept. 


Total. 


UDlledSWUsWeathor Bureau 


1.28 


0.J0 


l.W 


a 


B.M 


0,S7 


t!w 


M.27 







The rains usually are violent and last such a short time that much 
of the water is unable to get into the soil. For this reason there is 
a considerable run-off. The beating of the rain frequently makes the 
condition worse by puddling the surface and partially closing the 
pores. The run-off after a heavy rain is shown in figure 3. 



The atmospheric humidity is, on the average, quite low and plays 
an important part in crop production. 
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CEREAL EXPERIMENTS IN THE TEXAS PANHANDLE. 



WIND. 



The average hourly wmd velocity for the years 1905 to 1910, 
inclusive, is 12 miles. For this same period there was an average of 
13 days each year when the hourly wind velocity was over 40 miles. 
At times it reaches a much higher velocity. On March 24, 1909, it 
reached a maximum velocity of 63 miles. Great quantities of soil 
were carried by this wind; boxes, tin cans, nail kegs, clothing, etc., 
were scattered over the plats, and even some of the stakes marking 
the rows in the nursery were blown out of the ground. Great dam- 
age is done to crops by such high winds. The crops may be blown 
down, or they may be covered or cut by the moving particles of soil. 
For detailed data on wind, see Table V. 



EVAPOBATION. 



Evaporation of moisture from the ground and from the crops 
themselves is very great, reaching a maximum during periods of 
drought and high winds. The evaporation from the free water sur- 
face of a tank 8 feet in diameter reached a maximum of 0.69 inch 
in 24 hours in 1909. 

During the seven months from March to September, inclusive, in 
1909, when the observations recorded in Table IV were made at the 
farm, the evaporation from a free water surface was more than four 
times as much as the precipitation for the same period. 

Table IV. — Precipitation andevcmoration, in inches, at the Amarillo Cereal Field Station^ 

Amarillo, Tex., from Mar. 1 to Sept. SO, 1909. 





Precipitation. 


Evaporation, ' 


Date. 


Precipitation. 


Evaporation. 


Date. 


For 
dates 
given. 


Total 

for 
month. 


For 

dateR 
given. 


Total 

for 
month. 


For 
datiw 
given. 


Total 

for 
month. 


For 
dates 
given. 


Total 

for 
month. 


March: 

1 to8 


i) 


f 1.676 

0) 

1.059 
1.842 

.193 

f .978 
2.514 
2.117 
1.103 
1.673 

f .718 
2.614 
3.121 
1.403 
2.286 

r 2.337 

2.393 

.2.500 

2.460 

.606 


1 

4.669 
-8.285 
10.042 
10.296 


July: 

ItoS 

6tol2 

13 to 19 

20 to 26 

27to31 

August: 

lto2 

3to9 

10 to 16 

17 to 23 

24 to 31 

September: 

lto5 

6tol2 

13 to 19 

20 to 26 

27 to 30 

Total 


0.24 

1.14 

Trace. 

.70 

.11 



l.Sl 
.06 
.02 



1.88 
1.88 
.02 




2.19 
1.39 
3.78 


r 1.134 
2.010 
2.484 
2.558 

I 1.889 

f .712 
2.416 
1.769 
2.120 
1.611 
.683 

f 1.629 
1.716 
1.716 
2.171 
1.179 




9tol5 

16 to 22 

23 to 29 

30 to 31 

April: 

lto5 


.66 

Trace. 
.42 



Trace. 

T^tMse. 

.27 

Trace, 


.04 


.96 
.13 

.12 
1.98 

.98 
1.94 

.88 


1.06 

.27 

1.13 

5.90 


- 10.075 


6tol2 

13 to 19 

20 to 26 

27 to 30 

May: 

lto3 


9.261 


4tolO 

11 to 17 

18 to 24 

25 to 31 

June: 

1 to7 


8.411 


8tol4 




15.74 




61.039 


15 to 21 

22 to 28 

29 to 30 









1 Tank frozen over. 
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TEMPERATURE. 



The highest temperatures have been much lower than might be 
expected when the altitude is not taken into consideration. The 
nights are nearly always cool. The average date of the last spring 
frost is April 18, and that of the first fall frost is October 28. The 
data on mean temperature, maximum and minimum temperatures, 
and greatest daily range by months for the years 1905 to 1911, in- 
clusive, are given in Table V, which also presents data on precipita- 
tion, the condition of the sky, and the movement of the wind. The 
highest recorded temperature in the period covered by these records 
was lOS*' F., on June 25, 1912, and the lowest, - 15** F., on February 
13, 1905. 

Table V. — Climatic data recorded al AmarUlOy Tex. ^ for the years 1905 to 1911, inclusive. * 

1Q06. 



a 
o 



Jan.. 

Feb. 

Mar. 

Apr. 

May 

June 

July 

Aug. 

Sept 

Oct. 

Nov. 

Dec. 



Temperature (*F). 



Precipitation (in inches). 



a 



31.0 
24.0 
60.3 
£2.0 
83.1 
73.6 
74.0 
78.0 
70.3 
65.0 
46.8 
34.2 



- 0.9 

-n.6 

+ 4.3 

- 3.0 

- 1.0 
+ 2.0 

- 1.0 
+ 3.0 
+ 2.0 

- 2.0 
+ .9 
-2.1 



High- 
est. 






li 



30 
26 
27 
27 

8 
28 
12 
16 

1 

16 
27 

8 



67 
62 
78 
82 
87 
94 
94 
98 
96 
82 
75 
60 



Lowest. 



OS 



13 
13 

8 
15 

4 
21 

9 

9 
19 
20 
29 

1 



1^ 



- 6 
-16 
28 
28 
42 
66 
51 
60 
44 
29 
18 
33 




43 
39 
41 
34 
39 
27 
36 
34 
34 
43 
35 
38 



3 



1.00 
1.62 
2.62 
4.62 
6.62 
2.19 
3.76 

.63 
3.06 

.30 
5.09 
1.45 



+0.41 
+ .66 
+2.23 
+2.73 
+2.73 



+1 



88 
22 



-2.09 



70 
34 



+ 
-1 
+4.03 
+ .46 









0.40 

.58 

.80 

1.24 

3.86 

.88 

1.16 

.30 

.94 

.15 

3.02 

1.06 



C « 



9.9 
18.7 
5 

.6 







9.3 



Sky (days). 



Wind. 






7 
9 
8 
10 
10 
7 
9 
6 
4 
3 
7 
4 



I 



16 
8 
15 
19 
26 
25 
21 
25 
20 
15 
Iti 
16 



s 
p 

u 



8 
U 
10 
7 
4 
5 
5 
6 
7 
3 
3 
5 



9 
o 



7 

9 

6 

4 

1 



5 



3 

13 

11 

10 



NW. 

N. 

B. 

SE. 

SE. 

8. 

8. 

SE. 

S. 

S. 

SW. 

NW. 



>l 

o 



in 



8,161 
7,795 

10.859 
9,612 

10,103 
9.569 
5,545 
8,001 
8,694 
8.124 
8,821 
7,738 





2 
2 
4 



2 

3 




1906. 



Jan.. 


38.8 


+ 6.9 


29 


66 


22 


14 ! 38 


0.41 


-0.28 


0.23 


3 


6 


13 


6 


12 


8W. 


9.499 


2 


Feb.. 


38.4 


+ 2.8 


21 


74 


6 


6 


46 


.61 


- .36 


.60 


.4 


2 


17 





11 


8E. 


8,148 


2 


Mar.. 


39.8 


- 5.1 


25 


74 


19 


12 


54 


.64 


+ .24 


.37 


.6 


7 


18 


7 


6 


NW. 


9,092 


2 


^y-: 


55.7 


+ .4 


23 


82 


4 


31 


40 


3.23 


+1.52 


1.33 





8 


16 


11 


3 


SE. 


9.516 


1 


64.4 


+ .2 


31 


UO 


7 


38 


38 


1.18 


-2.00 


.57 





7 


22 


4 


5 


SE. 


9.112 





June. 


71.3 


-1.1 


30 


100 


4 


50 


42 


2.07 


- .99 


.84 





6 


22 


6 


3 


SE. 


10.389 


3 


July. 


73.6 


- 2.4 


27 


95 


4 


53 


31 


2.90 


- .44 


.72 





14 


18 


5 


8 


SE. 


6,588 





Aug.. 


73.4 


+ .5 


22 


93 


27 


63 


35 


6.76 


+4.40 


4.02 





9 


19 


11 


1 


SE. 


7,921 


1 


Sept. 


69.0 


+ 1.6 


10 


88 


30 


45 


27 


1.96 


- .61 


.94 





8 


21 


8 


1 


SE. 


7.659 





Oct.. 


53.4 


+ 2.8 


3 


87 


23 


23 


37 


2.49 


+ .83 


.55 


9 


7 


18 


6 


7 


8E. 


9,032 





Nov.. 


41.1 


- 2.8 


8 


75 


20 


4 


39 


2.58 


+1.86 


1.39 


14.8 


9 


11 


11 


8 


SE. 


5,345 





Dec.. 


46.0 


+ 9.7 


3 


74 


16 


25 


37 


.19 


- .80 


.19 


T. 


1 


19 


8 


4 


S. 


4,097 






1907. 



Jan .. 


52.4 


+ 10.5 


6 


74 


25 


15 


46 


1.11 


+0.42 


0.85 


0.9 


9 


15 


12 


4 


S. 


9.467 





Feb.. 


44.2 


+ 8.6 


8 


74 


3 


7 


42 


.24 


- .63 


.24 


.6 


1 


21 


4 


3 


S. . 


7.789 


1 


Mar.. 


56.8 


+11.8 


19 


96 


1 


20 


46 


.02 


- .18 


.02 





1 


25 


4 


2 


s. 


10,039 


2 


Aj>r.. 
May. 


52.6 


- 2.0 


10 


90 


30 


23 


55 


1.25 


- .46 


.52 


8.3 


7 


18 


8 


4 


s. 


10,313 


2 


69.0 


- 5.3 


17 


90 


4 


26 


40 


.99 


-2.19 


.34 





9 


20 


8 


3 


NW. 


10,260 




June. 


71.6 


- .4 


29 


104 


1 


44 


44 


1.97 


-1.02 


1.36 





5 


21 


7 


2 


s. 


9.585 




Julv- 


76.0 


- .1 


24 


99 


1 


55 


36 


1.49 


-1.68 


.73 





7 


21 


9 


1 


s. 


9,606 




Aug.. 


76.3 


+ 1.7 


15 


97 


31 


58 


35 


6.20 


+3.39 


2.38 





10 


16 


11 


4 


8. 


9.019 




Sept. 


70.8 


+ 3.1 


7 


91 


28 


42 


38 


.91 


-1.45 


.68 





3 


17 


13 





s. 


8.508 




Oct. . 


57.6 


+ 1.5 


2 


86 


8 


35 


57 


1.79 


+ .80 


.65 





10 


10 


12 


9 


8. 


8.196 




Nov.. 


43.3 


- .5 


6 


74 


12 


16 


38 


. 66 


- .50 


.62 


4 


5 


14 


9 


7 


s. 


6.725 





Dec.. 


38.3 


+ 2.0 


1 


71 


18 


12 


37 


1.46 


+ .63 


1.46 


1.4 


2 


15 


11 


6 


8. 


9,773 


1 



1 Data fomiahed by the observer of the U. 8. Weather Bureau, Amarillo, Tex. 



283 



22 



CEREAL EXPERIMENTS IN THE TEXAS PANHANDLE. 



Table V. — Climatic data recorded at Amarillo, Tex. j for the years 1905 to 191 1^ incliisivi 

Continued. 



1908. 





Temperature (" F) 


. 


Precipitation (in inches). 


Sky (days). 


Wind. 




B 

2 


eparture from 
the normal. 


High- 
est. 


Lowest. 


reateft daily 
range. 


• 

o 


eparture from 
tne normal. 


reatest in 24 
hours. 


73 B 


• 

a 
-3 


i 


• 

>> 

§ 


• 


revailing di- 
rection. 


as 

o 


' of days 
ty 40 or 
miles 


• 

a 
1 


c9 


1^ 


• 

2 

09 


ead- 


Limber 
veloci 
more 


S 


S 


Q 


9 


70 


16 


7 


44 


^ 


Q 


C5 


0.4 


3 


18 


10 


3 


Cu 


s 


;z; 


Jan.. 
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0.26 
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0.22 


S. 
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40.4 
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28 


77 


1 


4 


43 
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- .20 
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6 


5 


17 
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N\V. 
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4 
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17 


86 


9 


20 


48 


T. 
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6 


2 


8. 
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2 


Apr.. 


55.7 
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14 


80 


2 


29 


38 


1.90 


+ .18 


1.03 





5 


20 


9 


1 


S. 


9.093 


2 


May. 


63.5 


- .8 


19 


91 


7 


34 


43 
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21 


96 
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36 
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8. 


11.011 


2 
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11 


96 


7 


55 


3L 
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11 


16 
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S. 
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74.5 
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10 


97 


8 


58 


33 
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6 


22 
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8. 
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Sept. 


67.6 


- .1 


6 


97 


28 


36 


35 
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- .53 
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22 
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1 


8. 


7.259 





Oct.. 
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15 


86 


27 


28 


43 
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1 


3 


27 
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8. 
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2 


Nov . 
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17 


78 


14 


11 


46 
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.35 


1.3 


5 


24 


2 
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1 


Dec.. 


41.2 


+ 4.8 


16 


72 


19 


18 
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8. 
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1909. 



Jan.. 


41.0 


+ 7.1 


8 


80 


12 


3 


63 


Feb.. 


41.6 


+ 4.4 


12 


72 


14 


3 


55 


Mar.. 


44.9 


- .1 


22 


80 


12 


14 


45 


A Dr.. 
liay. 


54.0 


- 1.6 


17 


89 


1 


26 


45 


62.5 


-1.8 


28 


93 


1 


27 


45 


June. 


73.5 


+ 1.5 


6 


99 


3 


52 


37 


July. 


77.9 


+ 1.8 


11 


96 


1 


62 


30 


Aug,. 


78.0 


+ 3.4 


17 


102 


25 


67 


35 


Sept. 


69.4 


+ 1.7 


2 


95 


23 


45 


40 


Oct.. 


57.9 


+ 1.8 


16 


88 


12 


29 


44 


Nov. 


50.4 


+ 6.6 


6 


85 


16 


26 


45 


Dec.. 


31.0 


- 5.4 


31 


75 


19 


3 


40 



0.70 

.28 
1.28 

.50 
1.08 
4.72 
3.63 

.87 
2.19 
1.18 
3.25 

.54 



-0.53 


0.06 


0.6 


2 


26 


4 


1 


8. 


10, 167 


- .60 
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T. 
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22 


6 
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10,254 


+ .63 
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12.5 
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8. 
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8. 
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8. 
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15 
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8. 
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6 


12 


17 
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8. 


7,599 


- .17 
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4 


18 


11 


1 


S. 
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- .53 
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4 


20 


7 


4 


8. 


9,619 
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6.2 
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8. 
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0.03 
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10 
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N. 


8.981 
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10 


31 


48 
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8. 
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BZPEBIMBNTAL WOBK AT GHANNTNG. 
COOPERATIVE ARRANGEMENTS. 

In the fall of 1903 arrangements were made with the Capitol Free- 
hold Land & Investment Co., owners of large tracts in the Pan- 
handle region of Texas, to conduct some cooperative experiments in 
cereal production on their large headquarters ranch, the XIT ranch 
at Channing. Under the agreement they were to provide. the land 
and labor, and the Office of Cereal Investigations was to supply the 
seed and scientific assistance required. The experimental work was 
placed in charge of the junior writer. The land provided was 50 
acres near the town of Channing, lying between the Fort Worth & 
Denver City Railway and the main road to the ranch from the town. 

PHYSICAL DATA FOR CHANNING. 

The elevation of Channing is 3,900 feet, about 300 feet higher than 
Amarillo, which is about 50 miles distant. The deep valley or can- 
yon of the Canadian River is between the two -towns. The soil is 
lighter in textiu^ than that around Amarillo and is classed as a sandy 
loam, or sandy clay loam. The soil used in the experiments was 
rather thin, due probably to more than average erosion, as some small 
canyons tributary to the Canadian River head less than half a mile 
to the eastward. 

The climatic conditions are very similar to those for Amarillo, 
though the rainfall probably averages a little lower and the effect of 
high winds is greater on the more sandy soils. 

The rainfall data for the three years during which experiments were 
conducted are shown in Table VI. 

Table VI. — Monthly and annttal precipitation., in inches, at Channing, Tex., during 

1904, 1905, and 1906. 



Month. 



January.. 
Febnuury, 
March.... 
April.... 

Uay 

June 

July 



1904 


1905 


1 
1906 


^ 


t 0.70 


o.ao 




i.ao 


.56 




2.48 


.18 


18.00 


5.52 


3.26 




2.27 


1.54 




1.35 





' 


I 3.23 


1.81 



Month. 



August.... 
September. 

October 

November. 
December., 



Annual. 



1904 


1905 


2.56 


2.03 


4.05 


5.65 


2.42 


.45 


.25 


4.86 


.60 


.60 


18.78 


29.34 



1906 



2.47 
2.57 
1.10 
1.55 




15.24 



1 Reliable U. S. Weather Bureau histruments were in use after July, 1904. The rainfall for 1904 previous 
to their installation was carefiilly measured, but the record was not kept by months. 

CROPPING CONDmONS WHEN THE EXPERIMENTS WERE BEGUN. 

The experimental work was greatly hindered at the beginning by 
the climate and cropping conditions at that time. The land had 
been broken from the sod in the spring of 1903, disk harrowed, and 
planted to milo with a lister. The growing crop received a drag 
harrowing and one cultivation. This crop was cut with a corn binder 
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and removed from the land. The experimental work was commenced 
October 20, 1903. As it was late and exceedingly dry, the land 
intended for fall seeding was not plowed but was double-disked 
instead and sown with a drill. A light rain in October moistened 
the surface soil and part of the seed germinated. As sufficient rain 
to cause germination and subsequent growth did not fall until April 
28, 1904, the fall-sown small grains were a total failure, with the 
exception of a few individual plants. 

All land intended for planting in the spring of 1904 was plowed 
during the previous dry autumn. As no rain fell until the latter 
part of April, the moisture supply was deficient, and germination of 
the spring grain took place irregularly throughout the month of May. 
With good summer preparation in 1903 the results would prob- 
ably have been very different. 

The preparation for the crop of 1906 was started in July, 1904. 
Later in that year a marked increase in the rainfall began and lasted 
for most of the year following. All plowing and tillage after the 
first year were thoroughly and promptly done, the desire being to 
put the soil in as good condition as possible, except in the special 
tillage operations. 

GENERAL PLAN OF PRELIMINARY EXPERIMENTS. 

When the experimental work at Channing was commenced, the 
region was almost wholly used for cattle grazing. A few settlers 
were coming in and attempting to farm. Some of the ranchers also 
cultivated small fields. The crops which it was known would grow 
at all were limited, and there was little information as to suitable 
varieties of those supposed to be adapted to the locality. Therefore, 
at the start the work was of necessity very crude and elementary. 

Some varieties of grain which were believed to be suitable for 
growing in the Panhandle region were planted in large plats, a few 
being as large as 4 or 5 acres each. It was hoped that some of these 
larger plantings would be successful, and thus adapted seed would 
be available for use and for distribution to farmers. 

Many varieties of grains from all parts of the world were planted 
in small quantities. Most of these plantings were made in the 
cereal nursery, using only 1 ounce of seed of each variety. The 
seed of commercial varieties ordinarily obtainable is often a mixture 
of various strains, and much improvement usually can be effected 
by separating these strains, which are then grown and compared as 
if they were separate varieties. This kind of work seemed to be so 
necessary in many cases that where a commercial variety which 
was grown in a large plat proved to be much mixed it was sown in 
the nursery the next year and carefully purified before being again 
grown in the field. 
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In order to find varieties which might prove to be adapted to the 
conditions, 457 varieties of small grain were grown in a total of 912 
tests during the three years in which experiments were conducted 
at Channing. Most of these varieties proved unfit and were dis- 
carded during the first two years. Only 31 of the most promising 
varieties were used in a total of 44 tests in 1906. All the varieties 
which were not extremely promising were omitted from the Chan- 
ning tests that year, but were used in the work which Was then 
b^un at Amarillo,. as were promising varieties of which only small 
quantities of seed were available. Yields are not reported in the 
Channing tests for plats smaller than one-tenth of an acre. 

VARIETAL EXPERIMENTS WITH WINTER GRAINS. 

In the autunm of 1903 winter grains were seeded on an extensive 
scale at Channing. All varieties which were sown in field plats 
were failures. In the nursery some few spots were sufficiently 
moist to induce germination, but as there was no rain during the 
winter only a very few plants survived. The season of 1904 per- 
mitted quite good preparation for the planting of fall-sown small 
grains, and fairly good crops were obtained. The season of 1905-6 
furnished the most favorable conditions which had yet occurred 
for preparation of the soil, and very good crops were again obtained, 
although the spring rainfall was deficient. 

The tests of winter small grains furnished very dependable data 
on which to base the cultural and varietal experiments which were 
b^un in 1906 on farm No. 1 at Amarillo, and also provided seed 
for use there. The results of these tests are shown in Table VII. 

Table VII. — Annval and average yields of varieties of winter small grains at Channing ^ 

Tex. , for the years 1905 and 1906. 



C.L 
No.» 


S. P. I. 
No.« 


Name. 


Original source. 


Yield per acre (bushels). 


1905 


1906 


Average. 


2398 


9^2 
9125 
7582 
0358 


WINTEB WHEAT. 

Gnlgaloff 


Rossia 


18.16 
16.71 
18.00 
12.93 
20.00 
13.47 
9.58 


23.40 
24.50 
20.60 
23.50 
16.00 
10.93 
7.00 
10.10 


20.78 


2208 


Ktaarkof 


do. 


20.60 


1596 


Fretes 


Algeria 


19.30 


2239 


P^loglinft 


do 


18.21 


2900 


Mixed wheat 


Local 


18.00 


2219 


9129 
10364 
13855 

9131 

11650 
11183 
10367 


Padl 


Russia 


12.20 


2246 


Kubanka » 


.... .do. 


8.29 


2100 


Black Don » 


do 




2227 


Chul< 


.... .do. 


6.85 

51.20 

11.40 

19.10 

14. N 

7.23 




2337 


WINTEB EMMEB. 

Black Winter 


Fr*|.n<»e,-, 


31.20 

32.50 

16.50 
17.26 


41.20 


257 


WINTER BARLEY. 

Tennessee winter 


Virginia 


21.95 


34 


WINTER RYE. 

Ivanov 


Russia 


17.80 


114 




Ka.ti<;as 


15.72 


40 


10366 


Abruzzes 


Italy 








aV(MJ t , 
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1 Serial number of the Office of Cereal Investigationa. 

* Serial number of the Office of Foreign Seed and Plant Introduction. 
' Spring durum wheat planted in the fall. 

* Spring common wheat planted in the foil. 
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Winter wheat. — In the siibsetjuent varietal tests at Amarillo all of 
tlie winter wheat varieties in Table VII were discarded except 
Kharkof and BelogUna, either because of lack of hardiness On some 



-Fiald oltolL-sown t'reiBS «hoat {i 



years they have entirely wintcrkillpd), or because of their low yield. 
The two varieties which have been retained, Kharkof (C. 1. No. 2208) 
and Beloglina (C. I. No. 2239), are both hard red wint«r wheats from 



Fio. S.— Field Dl BiMk Winter emmBr (C. 1. No. 2337) at 



Russia. The three spriiig wheats which were tested for adapta- 
bility as winter sorts were conspicuously poor yielders in this test. 
A field of Fretes wheat at Channing in 1906 is shown in figure 4. 



EXPERIMENTAL WOBK AT CHANNINO. 27 

Winter emmer. — ^Emmer is a cereal closely related to wheat, but 
which retains its chaff. The variety here reported upon is probably 
of Russian origin. It weighs about 30 pounds per bushel and is 
quite hardy. It ia of value only as a crop for feeding to live stock. 
A plat of this grain at Channing in ld05 is shown in figure 5. 

Winter barley. — ^All varieties of barley which were tested at Chan- 
ning produced very unsatisfactory yields. The Tennessee Winter 
variety was the only one tested in field plats. 

Winter rye, — ^The two varieties which were tested each year did 
not yield as well as was expected. Further testing at Amdrillo has 
reversed the position of these varieties in regard to yield. 

VARIETAL EXPERIMENTS WFTH SPRING SMALL GRAINS. 

In the autumn of 1903 plowing was done for the spring small-grain 
tests of 1904. This land was worked in very dry weather and spring 
seeding was done when there was no hope for immediate germination. 
Rains came so late that the tests were not at all typical of what can 
be secured under favorable conditions. The tests in 1905 and 1906 
were made on well-tilled land. Many nursery tests with these grains 
were conducted in 1904 and 1905. These tests were continued at 
Amarillo, and many good strains from the nursery are now in the 
field tests. The yields from the spring small grains at Channing 
are given in Table VIII. 

Durum spring wheat. — Owing to the necessity of purifying the 
varieties used in 1904 and 1905, the field tests were greatly restricted 
until pure strains of the best sorts could be 'selected and increased. 
Thus most of the tests reported in Table VIII are on the first year's 
crop only and the yields recorded are in no way conclusive. 

Common spring wheat. — ^Three of the varieties reported in Table 
VIII have been continued at Amarillo and very valuable data 
obtained. Their yields are very close to those of the durums. It 
will be noted that these common wheats (with the exception of the 
Sonora, which was of little value) came from countries where durum 
wheats are commonly grown. 

Spring oats. — ^The Burt oat, which has made the best yields (Table 
VIII), is an extremely early brown variety, prominent throughout 
the South. It resembles Red Rustproof in some characteristics, but 
it is earlier. The Sixty-Day is an early yellowish wliite variety, 
slightly later than the Biurt. 
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Spring barley. — ^The data obtained from the tests of spring barley 
are shown in Table VIII. This crop has given uniformly poor yields 
at both Channing and Amarillo. 

Table VIII. — Anniuil and average yieldt of varieties ofejiring email graine at Channing, 

Tex.y for the years 1904y 1905, and 1906, 





S. P. I. 
No. 


Name. 


Original 
source. 


Yield per acre (bushels). 


C.L 

No. 


1904 

1.50 
2.00 
.50 
.50 
3.11 
3.75 
1.66 


1905 


1906 


Average for— 


3 
years. 


1904 
and 
1906. 


1905 
and 
1906. 


2DfiS 


7794 
7792 
8523 
9479 
7428 


VUKVU WHEAT. 
TTfthlA 


Alceria 

...do 












2099 


Mfibnioiidl ^ 












!fiHt2 


Velvet Don 


Russia 

. . .do. •••• . . 












2247 


do 












2091 


Albacete 


Spain 

Aiseria 

...do 


6.81 
9.50 
8.50 
9.41 
7.00 
8.83 
10.83 
9.60 
8.26 
9.63 
9.00 

4.85 
6.87 
7.84 
8.50 
4.58 

25.78 
19.56 
18.60 
11.43 
8.36 
5.62 


13.64 


7.85 


4.96 
6.62 
5.08 


10.22 


2934 






1593 


7578 
7579 
7585 
9130 
9324 
15788 


MaroMfini 








1597 


Medeah 


., .do 








2085 


Black Poulard 


...do 












BaraffoUa 


Italy 












2235 


Ifarouanl 


Ateeria 












2882< 


Knbanka 


Russia.... 












2941 








14.21 
14. .S4 
15.00 






11.23- 


7SM 


9478 
10364 

7582 

9872 

9130 

15802 

11145 

"5938* 
12133 
10330 
3650 

98n 
7969 

11192 
9133 

17525 


Knbanka 


Russia.... 








12.08 


2246 


do 

COMMON SPBINQ WHEAT. 

Fretea 


...do 

Algeria — 
Russia 

...do 

. . .do..... . . 


.83 
1.66 






12.00 


1696 




2.84 
4.26 




2398 


Oftlgalofl , 


13.41 
15.33 


7.31 


10.14 


2227 


Chul 

do 


11.58 


?2?7 








3940 


Sonora 


Colorado.. 
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SPRINO OATS. 

Burt 


Virginia... 


1.56 
4.67 
4.53 


36.40 
24.25 
18.00 


17.91 
16.15 
J 3. 71 


18.67 
12.11 
11.56 


26.09 


458 


Red Rostproof 


21.90 


165 


Sixty- Day 


Russia 

Algeria 


18.30 


286 


Red Algerian 




213 


Swedish Select 


Russia 

Finland. . . 


1.87 
1.34 






5.11 
3.48 




254 


North Finnish Black 








451 


Red Rustproof 


17.04 






361 


SPRINO BARLEY. 

Mariout 


Egypt 




12.70 

12.50 

8.49 

5.67 








196 


White Smyrna 


Asia Minor 
Ontario. . . 












354 


Manchuria 










226 


Hanna 


Austria . . . 
Idaho 


1.50 






3.58 




507 


Boehme Hooded 


8.45 























RATE-OF-SEEDING TESTS WITH SMALL GRAINS. 

In undertaking varietal experiments in a new region it is frequently 
a matter of much concern to know just how much seed to use in 
planting. The Channing experiments were based on the opinions of 
such ranchmen and farmers as could give information. Because of 
lack of seed of adapted varieties and of land for extensive tests, 
very few rate-of-seeding tests were conducted. Table IX shows the 
results obtained in these tests, which were too few and of too short 
duration to be conclusive. 
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Table IX. — Annual and average yields obtained in raU-of'Seeding tests with wheat and 

emmer at Channing, Tex., in 1905 and 1906. 



C. I. No. 


S. P. I. 
No. 


Num. 


lUte 
sown. 


Ytold per acre (bushels). 


1906 


1008 


AveiBge. 


» 


9872 
11050 

10384 
9131 


1 

WnVTBR WHSAT. 

Oalgalos 

WnVTBR BinCKB. 1 

Black Winter 


Peek: 

{ \ 

6 

7 
8 

f 3 
4 

5 

6 

»7 

»8 

4 

5 

12 




23.40 
10.20 

31.20 




2308 












2337 


51.20 
43.00 

9.25 

lass 

8.33 
9.00 
9.50 
&50 






flPUMO WHSAT. 


31.00 


37.00 


2340 


13.91 


1X37 


CInil (oommoin) 


15.66 


ii'66 




15.38 
15.33 
14.86 
13.23 


11.94 


2227 





















1 Tbeae plats showed a crowded stand and a poorer quality of grain both years. 
DATE-OF-8EEDINO TESTS WITH WINTEE WHEAT AND BABLET. 

Table X shows the results obtained in the date-of-seeding tests 
conducted with winter wheat and winter barley. They are, of 
course, quite too meager to be conclusive. An interesting feature 
of the date-of-seeding test of winter barley was the apparent effect 
of the date of planting on the presence of smut in the plats. The 
plat sown on September 21 contained 20 per cent of smut and that 
sown on October 7 contained 22.5 per cent, while no smut was found 
in the plat sown on November 28. The percentage of smutted heads 
was determined by actual counts of 1,000 heads in several parts of 
each plat. 

Table X. — Yields obtained in date-of-seediiig tests with winter wheat and winter barley 

at Channing, Tex.^ in 1906. 



Winter wheat: 
Padi 



Winter bailey: 

Tennessee Winter . 



Variety. 



Date 
planted. 



/Sept 12 
\8ept. 21 

[Sept 21 
Oct. 7 

Nov. 28 



Date 
ripe. 



June 6 
June 12 
June 21 



Ytold per 

acre 
(bushels). 



iai8 
14.45 

21.61 
32.50 
21.28 



FALLOWING AND CONTINUOUS CROPPING AS PREPARATION FOR WINTER 

WHEAT. 

The results of preliminary experiments to compare the effects of 
alternate fallowing and of continuous cropping to wheat in the pro- 
duction of winter wheat are given in Table XI. 
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Table XI. — Yields of winter wheat at Channing, Tex., in 1905 and 1906 ^ from piats 
fallowed the previous year and plats continuously cropped. 





Year, variety, and yield (bushels). 


Treatment. 


1905 


1906 


Total for 
2yejirs. 


Aver^^. 




Padi. 


BolQglina. 


Kharkof. 


1?All/llSfA#1 4Wa T^MMTt/^lta YTOa^ 


f 10.73 


25.89 








f Biioweu I uc provious y car 


30.66 


36.66 


i5.66 




r 13.47 






\,ouviuuuusiy croppca 


ii 93 


22.50 


35.43 


17.71 








Gain from fallowing 


3.26 


12.96 


7«80 






Gain >>y (M>ntiniioiis cropping 


5.43 


2.71 








a 





The yields of 1905 are inconclusive, since there are no data of 1904 
to compare with them. In 1906, however, the continuously cropped 
plat is the one occupied by Beloglina in 1905, and, its performance 
being known, comparison can be made, as shown in Table XI. 

The tillage required in fallowing was almost as expensive as that in 
raising a crop; therefore definite conclusions would have to be based 
on the comparative expense of seed, planting, harvesting, etc., of two 
crops instead of only one. 

COMPARISON OF HOME-GROWN AND KANSAS-GROWN SEED OF SPRING 

OATS. 

In 1906 Burt or.ts (C. I. No. 293, S. P. I. No. 11145), grown 
originally at McPherson, Kans., in 1903, and continuously at Channing 
since 1904, was compared with Burt oats (S. P. I. No. 15856) grown 
continuously at McPherson since 1903, from the same original seed. 
The home-grown seed yielded 26.4 bushels and the Kansas seed 13 
bushels, a gain of 13.4 bushels in favor of home-grown seed in this 
test during a single season. 

SUMMARY OF YIELDS OF SMALL GRAINS. 

A summary of the average yields of the diflFerent classes of small 
grains at Channing during 1905 and 1906 is given in Table XII. 

Table XII. — Average yields of small grains obtained at Channing ^ Tea:., in 1905 and 

1906. 



Kind of grain. 



White winter wheat (Galgalos) 

Hard red winter wheat 

Dunim spring wheat 

Common sprmg wheat 
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Average yield per 
aero. 



Bushels. 



20.78 
20.00 
12.08 
11.58 



Pounds. 



1,247 

1,236 

725 

706 



Kind of groin. 



Winter emmer 
Winter barley. 
Wmter rye. . . . 
Spring oats 



Average yield per 
acre. 



Bushels. 



41.20 
21.05 
17.80 
26.09 



Pounds. 



1,030 

1,054 

1.001 

835 
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The Galgalos variety of white winter wheat reported in Table XII 
was afterwards discarded at Amarillo as a winter variety. It is still 
grown there as a spring wheat. 

VARIETAL EXPERIMENTS WITH CORN. 

In general, the com crops at Charming were very poor. The cool 
nights common to these elevated plains are not favorable to the 
growth of com, nor does it stand well the severe droughts, which are 
not uncommon. The largest yield obtained was 35 bushels per acre. 
Counting each year's tests as separate, 105 varieties were grown 
during the three years and 131 tests were made.^ Some of these 
trials were on a very small scale and of no importance. The results 
of field tests of varieties are shown in Table XIII. Unless otherwise 
noted, the yields recorded each year are the average of two plats 
grown in different portions of the field. 

Table XIII.— Annual and average yidda of varieties of com at Channing, TVx., in 1904 

and 1905. 



Name of variety. 


• 
Sooroeofseed. 


Yield I 

1904 

9.25 
7.75 
5.00 
6.75 
6.50 
3.25 
3.00 
2.50 
2.17 
4.17 


ler acre (bushels). 


1905 

32.43 
24.11 
19.50 


Average. 


rTvuininff Red , , 


Local 


20.84 


Marlboro Prolific 


South Carolina 

Tennessee 


15.93 


ro<»k?i»s T>n>Hflc , 


12 K 


Funk's Ninety-Day 


Illinois 


13.25 , in.nn 


T^eainliie Yellow , 


Ohio 


5.83 


6.16 


Pride ofth e North 


IlUnols 




Boone County White 


District of Columbia . . 






MrMm'irin'^ ftourdswi 


■ 


U. S. P. B. No. 74 


District of Columbia.. 

Ohio 

North Dakota 


1 


U. S. P. B. No. 77 


( 


PaVota Bunshlne 


.4) 




Do 


do 


>7.62 
.50 




MinnftsotA Nor IS 


MinnAflptA. . . . . 




Do 


do 





> 10.39 
2.33 




Sterling Yellow Dent 


do ' 




DoT 


do 




>8.24 
.50 




Ninety-Day Yellow Flint 


Connecticut 






Do 


do 




>3.62 




Early Tuacarora 


South Dakota 




.70 

»5.87 

»28.97 

*24.40 




Do 


do 




Leidigh's Yellow 








Leidigh's White 


do 






T^ldigh's T4»ftniing. , , . 


do 




2 19.50 




HiWreth's Yellow 


do 




24.21 




MatIc^p Jfln« , , . 


Alabama 


Failed. 




Throc^ninrton's Jnfie t - 


Local 


I 22.00 




A i^xf^nder's WMte. , , , . . _ . 


do. 




«23.70 
« 13.11 




C.*I. No. M 


Illinois 








• 





1 Yield of one plat planted on May 30. 



> Yield of one plat only. 



The season of 1904 was very unfavorable for com, opening with 
no moisture and continuing dry throughout. The varieties were all 
planted on April 12. The Charming Red, a local variety, and Marlboro 
Prohfic kept in much better condition than the other sorts during the 

I Acknowledgment is made to Mr. C. P. Hartley , of the Office of Com Investigations, for 24 of the 105 lots 
of seed tested and for assistance in planning the com tests. 
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growing period. The Mexican June com also looked well, but did 
not mature any seed. The plantings of the Mexican June com in 
later years were from home-grown or shorter season strains. 

The season of 1905 was very moist, and the com crop did well. 
The r^ular plantings were made on April 21. The varieties planted 
May 30 were early-maturing ones which it was thought might be 
suitable for late planting, except the June com, which observation 
had shown to be a failure unless planted late. The crop of 1906, 
when five varieties were tested, was a failure, owing to the continued 
drought. Only the Channing Red, a local variety, produced grain. 
The yield of this variety was 6 bushels to the acre. It will be 
observed from the tests here reported that early northern types are 
not adapted and that long-season, late-maturing sorts have proved 
best. 

When com is compared with the grain sorghums, it will be seen 
how poor the com yields really are. The 3-year average yidd of 
the best variety of com was 15.89 bushels to the acre, while the aver- 
age yield of milo for the same period was 42 bushels. The available 
data on the comparative feeding value of com and milo are limited. 
The lowest figure would make a bushel of milo 20 per cent less valu- 
able than a bushel of com, but ordinarily it is considered only 10 
per cent less valuable. 

EXPERIMENTS WITH GRAIN SORGHUMS. 

The grain sorghums are the standard on which all comparisons of 
cropping results in the Panhandle must be based, as they grow diu*- 
ing the summer and fall when the most abundant rainfall is to be 
expected, and are adapted to use imder the relatively high tempera- 
tures which occur during these months. In 1904, 4 varieties were 
tested; in 1905, 103 varieties were used in 125 tests; and in 1906, 
24 varieties were planted. In 1906 the grain-sorghum nursery was 
planted at Amarillo, so only field plats were under test at Channing. 
These were cared for almost wholly by Mr. J. J. Edgerton, superin- 
tendent of the XIT farm. In 1905 the plantings of Red and Black- 
hull kafir were not comparable with those of milo, therefore complete 
3-year averages are not obtainable. The 2-year averages may be 
regarded as reliable, as the results of the nursery tests of these varie- 
ties in 1905 are similar to the field-plat averages. The data obtained 
are given in Table XIV. Figure 6 shows a field of BlackhuU. kafir on 
the XIT ranch in 1906. 
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Viriely. 


ItOt 


,« 


IMM 


vamgeoM ui 


Toul 
crop. 


oniD. 


Total 
crop. 


Gnln. 


ToBil 
nop. 


Gnin. 


ToUU 
cmp. 


0». 




S.SIO 
S.S7S 
4; 100 


« 


1,M0 


>% 


Bw. 


3,140 


?£ 


BlU. 
40 




4.™ 
«;j74 


43 
41 
33 


LU. 
































I'm 


«a 


2,340 






































■!;| 

























































Fia. a.— Field of BlKkhuU kaflr on the XIT ruch it ChanoliiK, Tex., Id IKt. 

From 4 to 8 pounds of seed per acre were used in these tests, and a 
little thinning was done to obtain a uniform stand. It will be noted 
that in the tabulated data the yields of the grain are given in pounds 
to the acre, as well as in bushels. The different varieties of grain 
sorghums in the area under consideration vary in test weight per 
measured bushel. The thrashing machinery cuts or cracks a con- 
siderable portion of the grain and removes the glumes to a greater or 
less extent. As the cracking and hulling varies with different ma- 
chines, varieties, and conditions of moisture, results given in bushels 
784M°— Bui. 283—13 3 
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of a certain weight are somewhat misleading. The grain is treated 
commercially like com, oats, miU feeds, etc., in that region, being 
handled either in bulk or sacked and sold in units of 100 pounds. 
Prices for these grains are almost invariably quoted by the hundred- 
weight, rarely by the bushel. The value is therefore based on the 
total weight irrespective of the weight per bushel. 

Milo, which was the only variety of grain sorghum grown in field 
plats all three years, produced an average of 42 bushels, or 2,350 
pounds of grain for the period. It also produced a higher average 
yield for the two years, 1904 and 1906, than either Red or Blackhull 
kafir. 



EXPERIMENTS WTTH MnX). 



In 1903 the junior writer devoted considerable time to travel, 
observing crops and cropping conditions. The good qualities of milo 
as a field crop were very evident in the Panhandle, and comprehensive 
tests were planned. Fairly uniform strains were found and many 
field tests were made in 1905, while other varieties were being puri- 
fied in the nursery. Table XV shows the results of the rate-of- 
planting tests with this crop. The lack of uniformity in the results 
of various years is due largely to differences in quality of seed and the 
seasonal influences on germination. It should be added that the 
spring condition of the soU in both 1905 and 1906 was very good and 
that later tests at Amarillo have seemed to justify thinner seeding 
than here shown, probably because of drier seasons. 

Table XV. — Yields of milo obtained from thicky medium^ and thin planting at Chan- 

ning, Tex., in 1904, 1905, and 1906. 



Relative stand. 



Distance 

between 

plants in 

42-inch 

rows. 



Cropof 1904: 

Thick... 

Crop of 1905: 

Thick. . . 

Do.. 

Medium 

Thin.... 

Do.. 

Do.. 

Cropof 1900: 

Thick... 

Do.. 

Do.. 

Medium 




Yield per acre. 



Grain. 



Pounds. 


Poufidt. 


4,800 


2,240 


5,603 


2,240 


4,331 


1,792 


4,399 


1,512 


5,320 


1,904 


4,501 


1,736 


4,875 


1,680 


4,551 


1,567 


5,278 


1,750 


6,278 


1,602 


4,906 


1,398 



BuskeU. 
40 

40 
32 
27 
34 
31 
30 

28 
31 
28 

2S 



Miscellaneous tests with milo are shown in Table XVI. These 
include a date-of-planting test and data on the first tests of selected 
seed from erect-headed plants, also a test of noncultivated compared 
with cultivated milo. 
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Table XVI. — Yields of fodder and ^ain obtained in miscellaneous tests of milo at 

Chanmngj Tex.y in 1905. 



Description of test. 



Yield per acre. 



Total 
crop. 

' Pound*. 

Planted thick, Apr. 26 4,402 

Planted thick, May 17 ' 6, 1 40 

Selection from pendent-headed plantj^, thick stand 4, 880 

Selection from erect-headed plants, thick Htand 3, 540 

Planted late with grain drill. 2 pecks {ler acre. . . : 4, 690 

Planted late in rows and cultivated i 5, 371 



Grain. 



Btuhel*. 
31 
46 
35 
26 
41 
37 



Pound*. 
1,736 
2,570 
1,960 
1,456 
2,296 
2,072 



EXPERIMENTS WITH KAFIR. 



Kafir has been grown in the Panhandle to a small extent since 
its first distribution by the Department. Preliminary observations 
showed that the kafirs generally were late in maturing and were also 
badly hybridized with sorgos or sweet sorghums; therefore attention 
was devoted in 1905 to obtaining pure strains rather than to yield 
tests. A rate-of-planting test with the selected seed was conducted 
in 1906, the results of which are given in Table XVII. 

Table XVII. — Yields of fodder and grain obtained from different rates of planting 

BlackhuU kafir at Channingy Tex., in 1906. 



Distance 

between 

plants in 

42-inch 

row. 



Yield per acre. 



Total crop. 



Grain. 



Jnchf*. 
2.2 
3.2 
4 

5.6 
6 



Pounds. 


Bu*hfl*. 


6.874 


35 


5,992 


33 


5,690 


29 


6,549 


31 


6,686 


30 



Pound*. 
1,994 
1,899 
1,641 
1,733 
1,719 



VARIETAL TESTS OF PROSO, OR RUSSIAN GRAIN MILLET. 

Proso is a grain crop which includes certain varieties of the so- 
called panicled or broom-com millet {Panicum milidceum). It may 
have some importance as a catch crop in the Panhandle region. It 
grows rapidly and can be utilized as a feed for chickens, sheep, or 
hogs, in addition to the uses which are ordinarily made of the crops 
of the region. The seed is not readily available locally. Planting 
is done the latter part of May, using 20 pounds of seed to the acre. 
The yields obtained at Channing are given in Table XVIII. 
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Table XVIII.— Yields of proso obtained at Channing, Tex., in 1904 and 1905. 



C. I. No. 


B. P. I. 
No. 


21 


M23 


21 


9423 


26 


9424 


27 


9425 



Variety. 



Yield per acre (bcuheb). 



Red Orenburg. . 

do 

Red Voronezh.. 
Black Voronezh. 



1904 


1905 


2-year 
averacre. 


5.53 






5.58 






8.20 






10.00 


19. 6S 


14.81 



No experiments with proso were conducted at Channing in 1906. 
In 1904 and 1905 a total of 19 varieties were grown in 39 tests. 

EZFBBIMENTAL WORK AT AMABILLO. 
CLIMATIC AND SOIL CONDITIONS. 

The city of Amarillo is located in latitude 35° 12' N. and longi* 
tude 101 "^ 51' W., at an altitude of 3,676 feet. The climatic condi- 
tions, which are fairly representative of the Panhandle region as a 
whole, have already been fully discussed. As will be noted, nearly 
all the cUmatic data presented in this bulletin were obtained from 
the records of the United States Weather Bureau at Amarillo. 

The soil is a chocolate-colored clay. It is locally known as ''tight" 
or ''short-grass" land and is covered with a mixed sod of buffalo 
grass and blue ^grama, with a small proportion of other grasses. 
This chocolate-colored soil is from 3 to 5 feet deep, with a reddish 
clay subsoil. The depth to water is from 200 to 300 feet. Figure 2 
(p. 13) gives a general idea of the surface condition of the imbroken 
land. 

THE FIRST FARM. 

The farm on which the experimental work was first established at 
AmariUo consisted of 100 acres of practically level land lying only 
one-fourth mile distant from the city limits, on the southwest side. 
The land and permanent equipment were furnished by the Amarillo 
Chamber of Commerce and held under annual lease renewable at 
option for a period of five years. In addition to the land, a two- 
story building was provided for use as an ofTice, laboratory, and seed 
house combined. Later, a small implement shed was provided. No 
house, bam, or well was supplied on this farm. 

The land was fairly well adapted for experimental purposes, except 
that it was badly cut by old roads and trails dating from the day of 
unfenced lands under the range system, as shown in figure 2. 
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THE PRESENT FARM. 

The new farm consists of 120 acres of leyel, short-grass land lying 
about 2 miles northeast of the town and about 4 miles distant from 
the first farm. The northern boundary is a well-traveled public road, 
while the southern boundary is an oblique line formed by the right 
of way of the Atchison, Topeka & Santa Fe Railway. A few rods 
farther south is the Chicago, Rock Island & Gulf Railway, while the 
tracks of the Fort Worth & Denver City Railway are about three- 
fourths of a mile distant in the same direction. 

This farm and its equipment are provided by the Amarillo Chamber 
of Commerce, by which oi^anization it is leased to the Department of 
Agriculture for a term of 15 years with an option by the Department 
of extending the lease for the further term of 5 years, if desired. The 
equipment consists of a good dwelling house, bam, seed house and 
laboratory, well, windmill and tank, and fence. The principal 
buildings and a portion of the farm are shown in figure 7. 

This farm was made available in 1908 and the experimental work 
thereon was begun with the planting of winter grains in the fall of 1909. 
Owing to the fact that the farms are loss than 4 miles apart and that 
soil and other environmental conditions are pfactically identical, 
the transfer of the expeiiments from one location to the other does 
not break their continuity. 

SYSTEM OF UNIFORM PLATS. 

Both the farms at Amarillo were divided into uniform plats of one- 
tenth acre each, being 50 by 200 links or 2 by 8 rods in size. Road- 
ways 30 links or 19.8 feet wide at the ends of the plats and alleys 7 
links or 4.62 feet wide separate the plats from one another. By using 
this system, the crop, variety, yield, etc., of each plat for any year 
are definitely known and error or confusion is less probable. The 
use of plats of equal size in the tests makes uniform the effect of the 
surplus feeding area which is available around the edge of the plat, 
and which certainly varies where plats of different sizes or shapes are 
used. The surplus feeding area influences comparisons ot yield per 
acre on nonimiform platiS even where careful surveying is done. 
General views of the plats on the two Amarillo farms are shown in 
figures 8 and 9. 

ENLAROED FACILmES AND COOPERATION. 

With the transfer of the work trom Channing to AmarDlo, which 
was begun in the fall of 1905 and completed during the summer of 
1906^ tlie facilities for conducting the work were greatly enlarged. 
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The farm at Amarillo contained double the area used in the experi- 
ments at Channing. Better machinery was added from time to time, 
more help was available, and the work as a whole was made more 
permanent. Up to the time of this transfer the Office of Cereal 
Investigations had conducted all the experiments. As the work 
grew, other offices in the Bureau of Plant Industry became interested 



Fia.7.— Qeosral vlewot thebuUdlntnonlhaneH'tarmoflhe Amartllorpreal Fifild Slation, AmBrillo.TpT. 

and it was but a short fimo until various cooperative experiments 
were instituted. 

Most of the cultivation and rotation exporinicnfa which ha<l been 
started were transferred at this time to the OfRco of Drj'-Land Agri- 
culture, and a large series of very definite experiments was inaugu- 
rated. The general plan of the work is to determine the effect of con- 



FiQ. S.— view □[ a portion of the plats on UwlAnii llrst occupied by tlis A ntarllla Cereal Field Ststioo. 
Amarillo, T«s. 

tinunus cropping and summer fallowing by various methods of 
farming, and to conduct rotations which are not necessarily practical 
but which bruig out the residual effect of preceding crops and ol 
cultivation. A study of the influence of fall and spring plowing on 
crop yields is also included. The Office of Dry-Land Agriculture 
furnbhod a man to bo in direct chaise of their experiments. 
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The Office of Biophysical Investigations installed a number of 
instruments for obtaining meteorological data and making soil 
moisture determinations in connection with crop production. Tlii^ 
work is very closely associated with that of the CMGce of Dry-Jjand 
Agriculture. The offices of Forage-Crop Investigations, Sugar-Plant 
Investigations, Corn Investigations, and Field Investigations in 
Pomology also have conducted cooperative work with the Office of 
Cereal Investigations at Amarillo. The last line of cooperative work 
inaugurated was with the Office of Field Investigations in Pomology 
in determining suitable varieties of fruit trees for the Panhandle 
region. A few apple, crab apple, plum, and cherry trees were set in 
tile spring of 1911 and the area has since been considerably increased. 
The work with alfalfa end sugar beets has been discontinued by the 



ryaad BeM plats on tana No. 2 occupied b; the AmaiiUa 
uereal Mela B Milan. Amarillg, Tei. 

offices having charge of those crops. All these cooperating offices 
have allotted funds in support of the work conducted by them. 

In addition to tho work at Amarillo, the Office of Cereal Investiga- 
tions has conducted some experimonta with grains at ChUlicothe, 
Tex., in cooperation with the Office of Forage-Crop Investigationsi 
and also at Dalhart, Tox., with the Office of Dr}'-Land Agriculture. 
The results of the experiments at these two places are given separately 
after the report on the Amarillo work. 

SCOPE AND EXTENT OP THE EXPERIMENTS. 

The work at Amarillo was quite extensive for the year 1906, although 
that was the first crop year. The soil was indifferently prepared and 
therefore verj' difficult to cultivate. The larger proportion of the 
experiments were varietal testa of the different cereals. There were 
some rat e-of -seeding and date-of-seeding te^^ts and sc-mo cultivation 
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experiments. There were 329 crop tests in field plats and 1,186 tests 
in nursery rows. In addition to these, 109 plats were used by the 
Office of Dry-Land Agriculture. Though quite large, the number of 
varieties grown was much smaller than the number of tests made. 

The scope of the work has gradually broadened with the passing 
of the years. Lines of work that have given most promise of success 
have been increased. The grain sorghums now rank first in the 
space required for experimentation as well as in the yields of grain. 
New varieties are being tested and the better varieties are being 
improved by selection and breeding. This is true not only of the 
sorghums but of all the cereals now grown. More attention is given 
to rates and dates of seeding, time and depth of plowing, and sub- 
sequent cultivation. 

Permanent environmental experiments have been inaugurated. 
These are known as trilocal experiments and are now conducted 
with winter wheat, oats, milo, kafir, and Sudan durra. The object 
of these experiments is to determine the change in chemical com- 
position due to environment, and incidentally to test the value of 
home-grown seed in comparison with that grown at some distant 
place. 

During the year 1911 there were 380 crop tests in field plats and 
1,451 tests in nursery rows, besides the 123 tenth-acre plats used in 
permanent experiments for the Office of Dry-Land Agriculture. . 

NUBSEBY TESTS WITH SMALL GRAINS. 

The detailed results from the nursery work are not given in this 
bulletin. It may be well, however, to outline briefly the system under 
which this part of the work is done, which is as follows: 

Series A consists of short rows, each grown from an individual selected head. These 
are planted by hand. New varieties, introductions, local sorts, etc., are generally 
grown in small plats, and heads are selected from these plats and grown in head rows 
in series A; or head selections may be mado from plats of varieties already being 
tested on the farm. Series A plantings of small grains at Amarillo in 1909 are shown 
in figure 10, with some of the larger plantings in the background. 

Series B consists of rows of definite length (15 feet) planted with bulk seed from the 
rows in series A by means of a garden drill. This \b the second generation from 
selected individual heads. From these rows comparative yield tests are obtained. 
The poorer sorts are continued in series B anotlier year or are discarded, while the 
better ones are carried forward to series C. 

Series C consists of two rows, each 2 rods long, planted by means of a garden drill 
with bulk seed from the better rows of the B plantings of the previous year. Com- 
parative tests are obtained. The poorer strains are given another trial in the same 
series or are discarded. The better ones are carried forward to series D. 

Series D consists of increase plats grown from seed of the best strains in series C 
and planted with an ordinary grain drill. Comparative tests are again obtained, as 
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well u fairly aocurate acre yields. The eeed from desirable strains in eerieii P ia suflB. 
cient to permit t««tii^ the grain in field plats. 

Series E eonsiatB ot field plats of varying size, usually one-tenth acre each, planted 
with a grain drill with seed from the plats in xeriee D, 

Very careful detailed agronomic notes ai« taken on all these eriee, especially on 
series A, B, and C. 

VARIETAL EXPERIMENTS WITH WINTER CEREAL3. 

The yields ot the winter cereals at Amarillo from 1906 to 1911, 
inclusive, are given in Table XIX. It will be noted that th^ crop 
of 1906 was uniformly good. The fall of 1905 was very wet and there 
continued to be plenty of moisture during the winter and spring 
of 1906. The crop of 1907 was grown under more severe climatic 
conditions, but in spite of this fact gave promise of making good 



yields until it was cut short by a severe hailstonn on June 3. The 
hail damage was estimated at 75 per cent. Actual yields, however, 
were used in the table and in computing averages. The crop of 
1908 was checked in its growth by a severe drought in the spring, but 
fairly good yields were obtained. In 1909 the crop was almost a 
total failure. The seed geiminated in the fall, but there was not 
enough moisture in the soil to cany the plants through the dry 
winter and spring. The 1910 crop was raised under conditions quite 
similar to those of 1909, though somewhat less severe. The almost 
total failure of the 1911 crop was due to the fact that there was not 
enough moisture in the soil to germinate the seed until late in Feb- 
ruary and a very severe drought in June killed a large proportion 
of the plants. 
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Table XIX. — Annuel and average yields of winter small grains in field plats at AmariUo, 

Tex., for the six years from 1906 to 1911, inelusxve. 



C.L 
No. 


8.P.I. 
No. 


Kind of grain. 




Yield of grain per acre (bushels). 


Name. 


Description. 


Source. 


1906 


1907 


1906 


1909 


1910 


1911 


Aver- 
age. 


1558 


11610 

'7787 
9125 
5635 
5407 
5500 
5636 
9358 
5499 

7582 
9872 

'ii229 

17994 

7430 


WHEAT. 

Turkey 


Hard red 

Medium hard red 

Hard red 

do 

do 


Russia . . 
Kansas.. 

Russia.. 
...do... . 
...do... . 

Hwigary 
...do. .. . 

Russia.. 
...do — . 
...do 

Central 
Texas. 

Algeria. . 

Russia.. 

Texas... 


25.75 
18.50 

24.25 
21.92 
17.62 
24.91 
25.20 
20.95 
20.09 
21.00 
21.91 

19.37 
20.36 


3.26 
1.41 

3.77 
2.75 
2.66 
1.70 
1.70 
3.(X) 
3.60 
4.34 
1.74 

5 1.41 



2.90 
2.90 
4.61 
T2.77 
1.95 
2.90 
2.90 

4.53 

14.39 

8.07 
13.50 



1.58 
.63 

4.03 
3.81 


23.23 
25.83 

14.33 

14.33 

17.00 

8.16 

7.83 

9.10 

0.18 

11.09 

12.83 
9.00 

21.00 
23.06 
14.88 
21.66 
5.83 
14.66 







12.83 





I 

7.65 




6.66 



10.17 
10.42 

10.88 
8.38 
7.00 
7.96 
7.96 

10.38 
8.64 
7.21 
4.71 


2.88 

7.00 

10.92 

5.38 



6.58 


1.58 
.38 

1.88 
1.59 
2.13 
2.15 
l.K? 
2.00 
2.17 
1.67 
0) 

(•) 
(•) 

«.79 


10.66 


1395-2 

1667 
220$ 
1436 
1561 


Dlehl Mediterra- 
nean. 

Beloglina 

Kharkof 

Crimean 

Theiss 


9.42 

9.18 
8.6S 
7.73 
7.48 


1564 
1437 
2239 
1563 
290O-2 

(«) 

1596 

2398 


Pesterboden 

Crimean 

Beloglina 

Wei.<«enb6rg 

Mediterranean... 

Fretes 

Galgalos 


. • ■ • ■ Uvl - •••«••••■ 

do 

do...*. 

do 

Medium hard red 

Medium hard 
white, 

Hard red 

do. ......... 


7.42 
7.26 
7.26 
7.23 
7.89 

6.72 
6.45 


2002 


Mammoth Red. . 
Turkey 


8.36 


2223 


Russia. . 




7.78 


2042 


Rieti 


Medium hard red 

Hard red 

do. ......... 


Italy 




6.33 


2092 


Jejar 


Spain... 




6.11 


2Q0Q-1 


J ............ 






5.25 


2901 




Mediterranean... 
White-chaff 

Mediterra> 

nean. 


Medium hard red 
....•do. ••••••••. 


Texas. . . 




&85 


290^ 


...do 

...do 


■ 








294r 












1772 


• • • * • • 


SPKLT.» 

Red Winter 




Wash- 
ington. 

France.. 
Germa- 
ny. 

Tennes- 
see. 

Kansas.. 
Russia.. 

West 
Vir- 
ghiia. 

Texas. . . 


49.68 
45.43 

23.93 

20.89 
19.37 


50.38 

30.76 
22.82 

22.49 

15.66 
13.66 

15.31 

12.50 
6.87 

3.75 




2.79 



5.00 
2.66 



Q 


15.20 

24.10 
23.30 

3.13 

6.43 
4.82 



n 


20.80 

9.50 
9.00 

14.11 

4.87 
4.82 


25.07 


2337 


EHMER.* 

Blaok Winter.... 




19.64 


24SV-2 






14.30 


257 


16804 
12878 


BARLEY. 

Tennessee 




10.61 


114 


RYE. 

• 

Kansas. , 




9.07 


34 


Ivanov 




7.66 


274 


OATS. 

Snoma 


* 
Brown 


4.83 


273 


Culberson 

Dim 


White 


4.07 


442 


Brown 


New Zea- 
land. 
Utah.... 




2.29 


480 


Bonwell Winter. . 
Winter Turf 


Blaok 






1.25 




Brown 


Texas... 






ol 5 










I 




1 





t Average of 2 fallow plats, 1909, hoace not comparable. 

> KlUea by hot- water treatment for smut. 

s No. 2900-2 grown as No. 2900 in 1906. It was then hand selected and divided. No. 290O-1 being a hard 
red aiid No. 2W0-2 a medium hard red, like the bulk of No. 2900. The yields of No. 2900 in 1906 and No. 
2900-? for 1907 to 1911, inclusive, have been averaged under No. 2900-2. 

< Discarded after 1910 crop; average for 5 years only. 

(• Sown at the rate of 6 pecks per acre. 

« Discontinued as winter crop after 1910; average for 5 yean only. 

» Sown at the rate of 4 pecks per acre. 

8 Yields figured on a weight of 25 pounds to the bushel 

Winter wheat — The winter wheats that have done best are the 
hard red type, of which the Turkey (C. I. No. 1558) is a good exam- 
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pie. This is the leading variety in the tests at Amarillo. The Diehl 
Mediterranean (C. I. No. 1395-2) is a medium hard red wheat, which 
stands very close to the Turkey in point of yield. It has the advantage 
over Turkey of having longer straw, but on the other hand it has 
the disadvantage of shattering more if not harvested as soon as ripe. 
The other hard red winter wheats follow in the table in the order of 
their average yield. Fretes (C. I. No. 1596), a medium hard red, 
and Galgalos (C. I. No. 2398), a medium hard white, two of our best 
spring wheats, were grown also as winter varieties for a number of 
years, but after 1910 were discontinued as winter sorts and grown 
only as spring wheats. Many other varieties not given in the table 
have been tested and discarded. Some of the durum varieties have 
been tested from fall seeding, but with poor success. The winter- 
wheat plats have always been seeded at the rate of 3 pecks to the 
acre. 

Winter spelt and emmer. — Spelt and emmer are closely related to 
wheat, but are grown for feed and not for making flour. They are 
similar in feeding value to oats and are used for much the same pur- 
poses. The straw is of little value as feed. These grains are not as 
hardy as winter wheat and should be sown slightly earlier than that 
cereal. They have been seeded at the rate of 5 pecks to the acre in 
these tests. The yields reported are figured on a weight of 25 pounds 
to the bushel. Red Winter spelt (C. I. No. 1772) has produced an 
average yield of 25.07 bushels (626 pounds) to the acre for the six 
years. This is a greater yield than was produced by any other feed 
grain in these tests. Black Winter emmer (C. I. No. 2337) has not 
yielded quite as well as the Red Winter spelt, but the grain has a 
lighter and softer hull, making it a slightly more desirable feed. 

Winter barley. — ^The Tennessee Winter (C. I. No. 257) is the only 
winter barley that has given promise of being of value for this sec- 
tion. The average yield to the acre for the six years was 509 pounds 
(10.6 bushels), as compared with 640 pounds for Turkey wheat and 
503 pounds for Kansas rye. Barley is not as winter hardy as wheat 
and sliould be sown earlier. It has been seeded at the rate of 5 
pecks to the acre. 

Winter rye, — Winter rye is more hardy than winter wheat, but 
does not equal that grain in yield. It nearly always comes through 
the winter in good shape and makes a vigorous growth in the spring. 
It also makes fine early spring pasturage. The highest average yield 
of grain, 9.07 bushels, has been produced by C. I. No. 114, a variety 
originally obtained from Kansas. 

Winter oats, — Winter oats has not been a success. In 1908 two 
varieties produced fair yields, but not enough to make oats a profit- 

283 



44 



CEREAL EXPERIMENTS IK THE TEXAS PANHANDLE. 



able crop even if such yields could be obtained frequently. All the 
varieties under test winterkilled in 1909 and 1910, leaving no seed 
for planting in 1911. 

CULTURAL EXPERIMENTS WITH WINTER WHEAT. 



HATE-OF-SEEDINO TESTS. 

The results of the rate-of-seeding experiments are given in Table 
XX. These results are not exactly comparable in all the details, 
but the data have been arranged so as to have as few varying factors 
as possible. The average of all the tests is in favor of the lightest 
seeding, though this was not the case each year. Three pecks to the 
acre is the rate which is recommended under average conditions. 
With a good seed bed and good, clean seed 2 pecks or even 1^ pecks 
to the acre might be sufficient, though in favorable seasons heavier 
seeding would produce larger yields. The plats in this test were 
sown September 26, 1906, October 10, 1907, October 27, 1909, and 
November 16, 1910. 

Table XX. — Yields obtained in rate-of-seeding tests with winter wheat at AmariUo, Tex., 

in 1907, 1908, 1910, and 1911. 





Year and variety. 


Rate 

of 
seed- 
ing. 


Yield i)eracro (bushels). 


Kemarks. 




C. T. 
No. 


Light 

aeed- 

ing. 


Medi- 
um 

seed- 
ing. 


Heav- 
ier 
seed- 
ing. 






1907. 
Kharkof 

Average 


PecU. 
I 4 


2.75 

• • » h Cm. 




Every drill row. 
Do. 
Do. 

Every other drill row. . 
Every drill row. 
Every other drill row. 

Do. 
Every drill row. 
Every other drill row. 
Every drill row. 

Do. 
Every other drill row. 
Everv drill row. 

I>0. 

Do. 
Do. 




2208 


1.83 


"i.M 














2. 75 


1.83 


1.50 






1908. 
Relogllna 

.^ veragp 


( U 
3 

I 3 




2339 


12.66 


""8."i6 








6.50 
6.50 






12.66 


8.16 






1910. 
Turkey 

do 

Kharkof 


[ n 

\ 3 

1 3* 
4 

U 

3 

I 4 






&50 
"5.' 63" 








2223 


10.92 






1558 


8.79 


"9.42" 






4.50 






2208 


6.00 


"'"7.' 75' 






Average 














5.54 


8.57 


a.w 






1911. 
Turkey 


{ \ 
{ \ 




1558 




1.58 


'"i.54" 

""2.\Y 






Kliarkof 




2208 




1.63 






Average 














1.60 


1.85 
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DATB-OF-8EEDINO TESTS. 



The results of the different dates of seeding for winter wheat arc 
presented in Table XXI. The results are strictly comparable, as 
the only varying factor in any one year is the date of seeding. The 
medium seeding for 1907 and the early seeding for 1908 are lacking. 
In the fall of 1910 the plats in this test were sown at the usual time, 
but owing to lack of moisture in the soil none of the seed germinated 
till the following spring, making the results valueless in this test; 
hence, the 1911 figures are not included. The latest seedings here 
given show the best average results. The time recommended for 
seeding winter wheat is from October 15 to November 1. 

Table XXI. — Yields obtained in date-o/'Seeding tests with winter wheat at AmariUo, 

Tex., in 1907, 19<J8, and 1910.^ 





Year and variety. 


Date of 
seeding. 


Yield per acre (bushels). 


C.I. 
No. 


Early 
seed- 
ing. 


Medi- 
um 

seed- 
ing. 


Late 
seed- 
ing. 


4 rPA 


1907. 
Turkey 


1906. 
/Sept. 26 
INov. 3 


3.26 






IdSs 








Average 


7.80 










3.26 


7.80 




IMS. 
Beloelina 


1W7. 
root. 10 
\Nov. 2 
/Oct. 10 
\Nov. 2 
J Oct. 10 
iNov. 2 
rOct. 10 
\Nov. 2 




1667 




13.50 






Wetasenberp; 


15.41 


1563 




7.36 






DiehJ Mediterranean 


11.00 


1306-2 




21.66 






Hard red winter 


30.00 


2943 




9.66 






Averaee 


12.66 














13.04 


17.27 




1910. 
ptAhl MfldltArrfM^Mn . . . , , , . 


1909. 
Oct. 4 

22 
Nov. 5 
Oct. 4 

22 
Nov. 6 
Oct. 4 

22 
Nov. 6 
Oct. 4 

22 
Nov. 5 
Oct. 4 

22 
Nov. 5 








10.42 






1305-2 


9.88 






B^lOPlhia. , , r , r r , , - , , ..,. - 


8.96 




10.54 






1667 


10.88 






Rieti 


10.50 




6.38" 






2942 


Failed. 






Turkev 


Failed. 




11. P7 






1558 


10.17 






KharVof .--,,..-, r 


10.50 




10.71 






220R 


8.38 






Averase 


8.58 












9.74 


7.86 


7.71 




1 





1 The 1911 test was seeded in the fall of 1910 on the usual dates, but owing to lack of moisture in the 
soil 11000 of it germinated until about March 1 , 1911. For this test it was an entire failure. 

DATE-OP-PLOWING AND DATE-OF-SEEDING TESTS. 

Table XXII presents the results of a test of different dates of plow- 
ing and seeding with Kharkof wheat (C. I. No. 2208). The seed 
was sown at the rate oi 3 pecks to the acre. In this test early plow- 
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ing and late seeding gave the highest yield. The long interval between 
plowing and seeding seems to be the factor lai^ely responsible for 
the increase obtained. This table also indicates that when the land 
is prepared just before seeding^ deep plowing does not give as good 
results as shallow preparation. Good preparation, as the term is 
used in this bulletin, means plowing to a depth of 6 inches or more, 
while poor preparation means plowing or disking that stirs the soil 
to a depth of 3 inches or less. 

In a further test, Turkey wheat (C. I. No. 1558), seeded at the rate 
of 3 pecks to the acre, was used (Table XXII). The longer interval 
between plowing and seeding gave the best results in all cases. Where 
the seeding was done shortly after the preparation of the land the 
best results were secured by disking. The disking stirs the surface 
soil only and leaves the subsoil compacted; no time is then required 
for the soil to settle. Good plowing is best done early in the summer. 
The latest seeding gave the best results in each case. 



Table XXII 



Yields obtained in dnte.-of-ploxnng and date-of-seeding Usts with Kharhof 
and Turkey winter wheats at AmarillOj Tex., in i908. 



Kharkof Winter Wheat. 



Date of plowing. 



Date of 
seeding. 



1907. ' 1907. 

Aug. 12 Nov. 2 

Aug. 9 , Oct. 8 

Sept. 25 !...do 

Oct. 8 do 



Inter- 




val be- 




tween 


Rind of 


plowing 


prepara- 


and 


tion. 


seeding. 




Days. 




82 


Good 


60 


...do 


13 


...do 


None. 


Poor 



Yield 

per 

acxB. 



Buak, 
17.00 
14.33 

11.66 
12.66 



Turkey Winter Wheat. 



Date of seeding. 



1907. 

Sept. 14 

Oct. 10 

Do 

Nov. 2 

Average yield for date of plowing 



Plowed Plowed 
Aug. 14., Sept. 6. 



Buah. 
6.0 
5.7 
8.8 

26.0 



11.62 



Bu»h. 

6.2 

7.0 

14.6 

22.1 



12.47 



Double 
disked 
Aug. 20: 

and 
Sept. 6. 



Btuh. 

9.1 

9.8 

13.8 

21.6 



13.57 



Aver- 
age 
yield 
for date 
of seed- 
ing. 



BuA. 

7.1 

7.6 

12.4 

23.2 



In 1906 some additional information relative to the preparation of 
land for fall-sown small grains was obtained. Plats of Fretes (C. I. No. 
1596), a common spring wheat, and Kubanka (C. I. No. 2246), a durum 
spring wheat, were sown in the fall of 1905 on sod land that had been 
broken the previous summer. Plats for each variety were double 
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disked before seeding, while others were deeply replowed just previous 
to sowing the seed. The disked plat of the Fretes wheat yielded at 
the rate of 19.37 bushels to the acre, while two fall-plowed plats aver- 
aged 10.74 bushels. Similar results were obtained from the Kubanka 
durum wheat, the disked plat yielding 13.41 bushels and the fall- 
plowed plat 6 bushels. 

From these tests it is apparent that best results may ordinarily be 
obtained from seeding winter wheat about October 15 to November 1 , 
on land that has been plowed the previous summer and given good 
cultivation to conserve the moisture. Thorough disking is to be 
preferred to plowing when the land is not prepared till near seeding 



tmie. 



BOIL-FRSPARATION TESTS. ^ 



In Table XXIII will be found the annual and average yields 
obtained in a test of the different methods of soil preparation for 
wmter wheat. The variety used in this test was Kharkof (C. I. No. 
2208). 

Table XXIII. — Annual and average yields obtained in soil-preparation tests with winter 
wheat at Amarillo, Tex. ^ for the years 1907, 1908, 1909, and 1911} 



Preparation and condition of the field. 


Yield per acre (bushels). 


n907 


1908 


1909 


1911 


Average. 


Shallow foil plowing alter winter wheat. 


1.66 
1.41 
2.33 
2.08 

3.41 

2.75 

S2.18 

2.66 


12.66 
14.33 
16.91 
16.50 

15.33 
11.66 
15.00 
12.66 





2.83 








3.80 
3.80 
4.80 
1.20 

2.20 

1.20 

2.07 

<2.16 


5.48 


Deep fall plowing a]fter winter wheat 


6.04 


niMn-tflkKl ffllTnTher Miow V. 


8.18 


Deep fiUl plowing and subsoiled after winter wheat. . 
Listed after winter wheat and dragged level during 
■ommer 


5.90 
5.84 


Diaked and atubbled in after com 


4.28 


Rye turned under and kent cultivated 


5.60 


Cowpeas turned under and kept cultivated 


4.94 







^ The 1910 crop Is not included, as it was on new land which was all treated alike. 

* The 1907 crop is not Included in the averages, as it was severely damaged by hail. Actual yields are 
given; the estimated damage was 76 per cent. 

* Sovghum instead of rve was turned under in 1906. 

* Canada field iMas instead of oowi>eas were turned under in 1910. 

ENVIRONMENTAL EXPERIMENT. 

The object of this experiment, which is conducted in cooperation 
with the Bureau of Chemistry of the United States Department of 
Agriculture, is primarily to determine the influence of environment 
on the chemical composition of winter wheat, comparing continu- 
ously home-grown seed with that grown at certain widely separated 
stations. Not only is the chemical composition determined, but the 

1 The soil-preparation tests are conducted cooperatively by the Ofilce of Drv-Land Agriculture under the 
direction of Prof. E. C. Chiloott, Agriculturist in Charge. The results of these tests with winter wheat, 
spring wheat, oats, barlev, com, milo, and kaflr are presented in Tables XXIH, XXVIII, XXXII, XXXVI, 
XL, and XLII. respectively. In all these tables the term ''deep plowing'' is used to describe plowing 8 
inches deep, wnOe the term "shallow plowing" refers to plowing 3 inches deep. These tables are pre- 
sented as a part of the cereal experiments of the farm. No discussion of the results is included, since the 
data have already been presented in Bulletin 187 of the Bureau of Plant Industry. 
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yield, color, and hardness of the grain as well. Only the data on 
yield arc presented in Table XXIV. In two of the three years for 
which data are presented, home-grown seed yielded more than that 
obtained from elsewhere. In only one case, that of the California 
seed in 1911, has the yield from other seed exceeded that from 
home-grown seed. A satisfactory explanation can not be given for 
this instance, though the fact that all seed planted in the fall of 
1910 failed to germinate until about March 1 following may have been 
a factor. 

Table XXIV. — Annual and average yields obtained in an environmental experiment with 
winter wheat at Amariilo, Tex., from 1907 to 1911 y inclusive. 



Where seed was grown. 




Yield per acre (bushels). 




1907 


1906 


11909 


1910 


1911 


Average. 


AmariUo, Tex. (home grown) 


3.00 
2.68 
2.08 







No seed. 

0.16 

.66 


ia38 
6.29 
6.58 


3.29 
6.75 
2.04 


3.92 


Marysvilie. Cal 


3.98 


Havfl, Kftiuf 


2.67 







1 Not included in the averages. 

This experiment was started with seed of the Crimean (C. I. No- 
1437), a hard red winter wheat, grown at Hays, Kans., in 1905. 
It was grown at the three points mentioned in the table in 1906 and 
seed sent from each to the other two. This method of sending 
seed from the home-grown plat at each place to the other two places 
is followed each year. The following exceptions must be noted: 
The seed planted at Amariilo, Tex., in the fall of 1907 was given the 
hot-water treatment for smut an,d failed to germinate. This left 
Amariilo without home-grown seed. Seed was received from the 
other two points in the fall of 1908 and planted at AmariUo, but no 
seed was sent from Amariilo to the other points. The yield at Ama- 
riilo in 1909 was so small that there was no seed to send to the other 
two points. All the home-grown seed at Amariilo was planted on 
one plat. This closes the gap at Amariilo, but not until 1911 .did 
the other two points have crops again from Amariilo seed. Seeding 
dates were September 26, 1906; October 10, 1907; November 2, 1908; 
October 23, 1909; and November 12, 1910. The rate of seeding was 
3 pecks per acre. The station in California has been changed from 
Marysvilie to Davis, but as both are in the Sacramento Valley and 
not far apart the change did not affect this experiment. 

EXPERIMENTS WFTH SPRING SMALL GRAINS. 

The experiments with spring small grains have included tests of 
wheat, oats, barley, proso, flax, and buckwheat. A large number 
of varietal tests have been conducted, while cultural experiments 
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with the more important cereals have been given considerable atten- 
tion. In the following pages these are reported separately for each 
cereal. 

Experiments with Spring Wheat. 



VARIETAL tests. 



The yields obtained from varietal tests of common and durum 
spring wheat are presented in Table XXV, the durum varieties being 
listed first. 



Tabl^ XXV. — Annual and average yields obtained in varietal teste with spring wheats 

at Amarillo, Tex. y Jar the years 1906 to 191 Ij inclturive. 





8. P. 
I. No. 


Name. 


Origin. 


Yield of grain per acre (bushels). 


C. I. No. 


1906 


1907 


1906 


1909 


1910 


1911 


Aver- 
age. 


2335 


0324 

9130 

10864 

7578 


DVBX7M WHEATS. 
M^ftTOWinl 1 . , 


Algeria 

Italy 


5.33 

7.61 
8.04 
6.42 
5.91 
6.83 
6.87 
5.16 
5.54 


10.40 
8.45 
4.30 
6.25 
7.75 
6.20 
5.56 
5.01 
8.01 
7.56 

11.50 


16.83 
15.33 
16.83 
15.86 
19.00 
15.66 
14.00 
15.00 


6.66 
6.50 
5.85 


2.75 
2.71 
3.08 
5.67 


11.63 

11.13 

9.33 

9.57 


8 77 


2228 


Sarasolla * 


8 63 


2246 


Kubanka* 


RuBBia 

Algeria 


7.90 


1503 


Marouani * 


8.75 


2941 




10.88 


2883 


15788 

7579 

13855 


Kubenka 


Russia 

Algeria 

Russia 








9.56 


1597 


Medeah 








8.81 


2100 


Black Don 








8.39 


2B34 












2247 


9479 
7793 


Velvet Don 


Russia 


15.16 
18.00 
16.50 
14.66 










2087 


Mohammed ben Bachir . . . 


Algeria 




■ 








20O9-UI* 






13.66' 
7.83 
5.83 
7.60 
3.33 
2.66 
3.00 
3.00 
2.00 
2.33 


4.58 
3.£0 
3.71 
*2.\9 
4.29 
3.13 
2.29 
4.33 
3.00 
3.50 
4.08 
4.29 
3.33 
5.88 
4.92 
3.13 
3.04 
3.67 


10.30 

10.50 

6.54 

11.23 

14.83 

12.58 

11.21 

12.88 

13.29 

11.83 

9.67 

10.08 

10.21 

9.67 

8.83 

10.46 

10.17 

7.63 

9.04 

7.54 

9.04 

10.98 

8.71 


10.46 


2091-III 


1 








9.55 


2091-IX 


1 








14.66 


8.30 


3094-III 












9.36 


2099-1 










1 


8.96 


2096-1 










I 


7.18 


2221 














7,00 


2086-11 














6.84 


2537-I-II 














6.31 


2089-VI 














6.11 


206S-Vni 














5. 58 


20H9-V 














5.45 


2088-m 














5.29 


2087-11 














7.77 


2087-III 
















6.87 


2223-V 
















6.79 


2222- VI 
















6.60 


2091- XI 
















5.66 


2077 


















1576 




















1596 


7582 
9872 
15802 
9671 
7585 


COMMON VHXATS. 

Fretes. 


Algeria 

Russia 

Turkestan.... 

Russia 

Algeria 

Transvaal 


5.08 
4.90 
6.08 
3.55 
4.02 
2.83 


10.68 


19.50 


8.50 
7.50 
3.60 


3.56 
3.92 
3.52 


9.39 


2398 


GalealoB 


10.56 18.00 


9.31 


2227 


Chid 


5.53 
8.43 


(») 
(») 


5.46 


2307 


Erivan 




2065 


Black PotUard 

Barlev wheat 










2946 































^ Orown from selected seed 1909 to 1911, inclusive, 
s Grown from selected seed 1910 and 1911. 

s Roman numerals following a Cereal Investigation number indicate selections from the original gnin 
ofthatntmiber. 

* Average of six check plats. 

* Thrown out in 1906 on account of being very badly smutted. 
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CEBEAL EXPERIMENTS IK THE TEXAS PANHANDLE. 



It will be seen from the table that a much lai^er number of varieties 
of durum than of common spring wheat have been tested. Only 
three durum and two common wheats have been grown during the 
full period of six years. The two common wheats (Fretes, C. I. No. 
1596; and Galgalos, C. I. No. 2398) made better average yields thaa 
any of the durums (Marouani, C. I. No. 2235; SaragoUa, C. I. No. 
2228; and Kubanka, C. I. No. 2246), but were slightly lower in yield 
than the two best winter wheats (Turkey, C. I. No. 1558, and Diehl 
Mediterranean, C. I. No. 1395-2).^ This leads to the conclusion that 
for the Panhandle r^on the groups of wheat rank in the following 
order: (1) Winter wheat, (2) common spring wheat, and (3) durum 
wheat. The Fretes is a medium hard red wheat, wliile the Galgalos 
would be classed as a medium hard wliite variety. 



BATE-OF-8EBDIN0 TESTS. 



Experiments have been conducted each year in an eflFort to deter- 
mine the proper rate» of seeding for spring wheat. The results wiU 
be found in Table XXVI for the years 1906, 1908, 1909, 1910, and 1911. 
One criticism that might be made of this series of tests is that it has 
not been uniform in that the same varieties and the same rates of 
seeding have not been used each year. On the whole, however, the 
indications are that 4 pecks to the acre for the common wheats and 
5 pecks for the durum wheats are the rates^ at which they should be 
seeded ordinarily. The weather conditions, the condition of the seed 
bed, and the viabihty of the seed all have such important eflFects on 
the crop that they must aU be taken into consideration in determining 
the rate at which it is best to seed a given field. 

Table XXVI. — Yields obtained in rate-of-seeding tests toith spring wheat at Anuaillot 

Tex. 

1906. 



C.I. 
No. 



2228 
1597 
1593 
2941 
2235 



S. P. 
I. No. 



9130 
7579 
7578 



9324 



Variety 



Saragolla. 
Medeah.. 
Marouani. 



Marouani , 



Kind of 
wheat. 



Dunim 
..do.... 



-do. 
.do. 



.do.. 



Rate 

of 
seed- 
ing. 



Pecks. 

{ i 

4 

•» 
i 

7 

8 

4 

6 

6 

8 



Yield 

per 

acre. 


C. T. 
No. 


S. P. 
I. No. 


Variety. 


Kinder 
wheat. 


Bwih. 
7.61 
6.70 
6.62 
6.87 

«5.46 
4.12 
5.41 
5.91 
3.83 
5.33 


2227 
2398 
2946 
2085 


15802 
9872 

7585 


Chul 

Galgalos. 

Sonora 


Common 

...do 

...do 


Black Pou- 
lard. 


Poniard. 



Rate 

of 
seed- 
ing. 



{ 



4 

6 
4 

6f 

J* 
4 

7 



Yield 

per 

acre. 



Bush. 
6.09 
4.72 
4.90 
3.42 
1.95 
2.83 
4.02 
3.14 
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Table XXVI. — Yields obtained in rate-of-ueding tesU with spring wheat at AmarillOj 

Tex. — Continued. 



1906. 





S. P. I. 
No. 


Variety. 


Kindofwhebt. 


Yield per acre (bushels). 


C. I. No. 


Seeded at 

4-pecic 

rate. 


Seeded at Seeded at 

5-peek 6-peck 

rate. rate. 


1593 


7578 
7793 
7582 
0872 


Maroiiani .....,., 


Puniin ...--, 




15.86 ■ 14.26 


2087 


Mohammed b,*n Bachir 


do 




18. 00 lA- fifi 


1596 


Fretes 


Common 

do 


17.33 
15.73 


16.53 




2398 




14.26 




Average of 2v\ 
Averaira of 2 v 


uieties durum wheat 






16.93 
15.39 


15.46 


&rieties common wheat 




16.53 






D — 











1909. 



C. I. No. 


Variety. 


Rate of 
seeding. 


Space 

between 

rows. ^ 


Yield 
per acre. 


2398 


Q alealoa ^ . . 


Peeks. 

1 3* 

4 

5 


Inches. 

12 

6 

6 

6 


Bushels. 

4.33 






5.16 
4.83 



1910. 



C.l. 
No. 



2246 
2398 



S. P. I. 
No. 



Yield per acre (bushels). 



Variety. 



Kind of wheat. 



10364 
9872 



Kubanka. 
Galgalos.. 



> Durum... 
Common. 



I 







Seeded 
at3-peek 
rate. 


Seeded 

at 4-peck 

rate. 


2.92 
4.42 


2.83 
3.58 



Seeded 

at 5- peck 

rate. 



2.96 
3.50 



1911. 



2235-1 


"■'9872' 


Maronani , 


Durum. 

Common 


14.42 
12.00 


14.50 
13.08 


10.58 


2398 


Galealos 











1 Where the rows were 12 inches apart weeds started between the rows and choked the wheat. Where 
the rows were 6 inches apart the wheat kept ahead of the weeds, which did not grow large. 

DATE-OP-8EEDINO TESTS. 

The proper date on which spring wheats should be sown in the 
Panhandle region depends so much upon the amount of moisture in 
the soil that no very definite conclusion can be drawn. The time of 
seeding ranges from the last of February to about the middle of April. 
11 there is plenty of moisture in the soil early seeding is recom- 
mended. If the soil moisture is deficient, later seeding will probably 
give better results. In 1908 (Table XXVII) larger yields were 
obtained from the later seeding, while in 1910 the opposite was true. 
The difference in 1910, however, was very slight, 
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Table XXVII. — Yields obtained in daie-of-seeding tests with spring wheat at Amarillo^ 

Tex., in 1908 and 1910. 









1006. 




>er acre 
lels). 




1910. 








C.I. 
No. 


8. P. I. 
No. 

9324 
9872 


Variety. 

Marouani . 
Galgalos . . 


Kind of 
wheat. 

Durum.... 
Common.. 


Yield I 
(bus! 


C. I. No. 


Variety. 


Kind of 
wheat. 


Yield per 

acre 
(bushels). 





Sown 
Feb. 28. 

16.33 
15.83 


Sown 
Mar. 16. 


Sown 

Mar. 

14. 


Sown 
Apr. 

1. 


2235 
2398 


16.83 
18.00 


1596 

2398 

2228-1 

•2235-1 

2094-III 


FreteB 

Galgaloe... 
SaragoUa. . 
Marouani . 
Kubanka . 


Common. 

...do 

Durum . . 

...do 

...do 


*3.56 

13.92 

2.71 

2.75 

'3.12 


3.79 
2.06 
3.50 
3.63 
2.67 




A^ 


^pnyw. , 


16.08 17.41 


3.21 


3.13 























1 Average of two plats. 
SOIL>PREPARATION TESTS WITH DURUM WHEAT. 

In Table XXVIIT, the data obtained at Amarillo in the soil-prepara- 
tion tests for spring wheat conducted by the Office of Dry-Land 
Agriculture are presented.* In 1907, Kubanka (C. I. No. 2246) was 
used, while in 1908 and succeeding years SaragoUa (C. I. No. 2228) 
was grown. 

Table XXVIII. — Annual and average yields obtained in soil-preparation tests tv^ith 
durum wheat a* Amarillo, Tvx\,for the years 1907, 1908, 1909, and 1911.^ 



Yl?Id per acre (bushels). 



Preparation and condition of the field. 



M90J 



Shallow spring plowing after spring wheat 

Deep spring plowing after spring wheat 

Deep fall plowing after spring wheat 

Clean-tilled summer fallow 

Deep fall plowing and subsoiled after spring wheat. . 
Listed after spring wheat and dragged level during 

summer 

Disked and stubbled in after com 

Deep spring plowing after com 

Deep fall plowing alter com 

Deep fall plowing after oats 

Deep spring plowing after oats 

Cowpeas turned under and kept cultivated 

Rye turned under and kept cultivated 



2.50 
1.S3 
1.06 
2.83 
2.16 

1.91 
1.00 
2.83 
1.41 
1.00 
1.33 
2.50 
M.58 



1906 



17.00 
15.33 
14.00 
16.50 
16.16 

14.33 
8.33 
8.00 
8.50 

13.36 
5.33 

19.66 

14.16 



1909 






2.83 

10.00 

4.00 








4.33 



1911 



7.30 
11.40 
10.00 
18.52 
11.30 

12.90 

12.10 

11.60 

5.70 

6.20 

6.80 

Ml. 40 

7.50 



Average. 



8.10 

8.91 

8.94 

15.01 

10.48 

9.07 
6.81 
6.53 



73 

52 
04 



10.35 
8.66 



1 The 1910 crop is not included, as it was on now land which was all treated alike, 
s The 1907 crop is not included in the averages, as it was severely damaged by hail. The actual yields 
sire given; the estimated damage was 75 per cent. 

* Canada field peas instead of cowpeas were plowed under in 1910. 

* Sorghum instead of rye was plowed under in 1906. 

Experiments with Spring Oats, 
varietal tests. 

Though not considered one of the leading crops of the Panhandle, 
spring oats have given uniformly better results than the other spring 
small grains. All yields are figured at 32 pounds per bushel, though 
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the average test here is between 27 and 28 pounds. The results of the 
varietal tests are given in Table XXIX. The varieties are arranged 
in the table according to the number of years they have been grown 
and in the order of their average yields for those periods. 

Table XXIX. — Annual and average yields obtained in varieldl tests with spring oats at 

ArMxrillo, Tex.^for the years 1906 to 1911 y inclusive 



CI. 


S. P. I. 


No. 


No. 


286 


12133 


458 




286 


15858 


165 


5938 


337 


5168 


2B3 


15856 


459 




293 


16865 


165 


17720 


487 


20370 


298-VI 




537 


17451 


535 


17148 


165 


15857 


293 


11145 


336 


10624 


254 


8650 


213 


10330 


165-1 





Name. 



Red Algerian 

Red Rustproof 

Red Algerian 

Sixty-Day 

Seventy-five Day 

Burt 

Elherson 

Burt 

Sixty-Day 

Red Siberian 

Selection from Burt. . 

Burt 

Kherson 

Sixty-Day 

Beiyak*!!!!!!!!!!!!! 

North Finnish Black 

Swedish Select 

Selection from Sixty- 
Day. 



Color of 
grain. 



Red.... 
...do.... 
,. .do.... 
Yellow. 
...do..,. 
Brown. 
YeUow. 
Brown. 
Yellow. 
...do.... 
Brown. 
...do.... 



Yellow. 
...do.... 
Brown. 
Red.... 
Black.. 
Yellow. 
...do.... 



Origin. 



Algeria.. 



Algeria. 
Russia. 
...do.... 



Russia. 



Russia. 
Siberia. 



Russia. 
...do..., 



Russia . . 
Finland. 
Russia.. 



Yield per acre (bushels). 



1906 



15.90 
19. 70 
10. (>2 
21.14 
12.39 
13.33 
11.51 
12.88 



1907 



10.80 
17.43 

8.07 
15.00 

9.30 



17. 
» 19. 
20. 
20. 
22. 
16. 
15. 
14. 
24. 
14. 
10. 
6. 
14. 
14. 
15. 
14. 



59 

30 

37 

93 

65 

15 

15 

53 

37 

f5 

34 

87 

OTil 

37 

501 

OC 



11.03 



1808 



38.12 
132.65 
30.31 
30.63 
24.06 
23.43 
20.62 
22.12 
32.50 
31. S7 
23.43 
24.75 
16.25 



1909 



17.81 
»9.CS 
19.06 
19.68 
18.12 
16.56 
19.06 


16.25 

17.81 

12.81 

8.75 

2.81 







1910 



11.41 

»8.98 

10.94 

5.83 

4.45 

7.97 

4.53 

6.64 

3.91 

10.08 

9.30 

6.95 



1. 1> 



1911 



17.86 
17.81 
16.25 

8.83 
17.03 
18.67 
16.72 
20.94 
11.72 

6.f4 
20.03 
20.55 



Aver- 
age. 



19.62 
18.03 
17.92 
17.84 
16.45 
16.01 
14.59 
12.85 
17.75 
16.21 
15.30 
13.57 



12.43 



7.79 



1 Average of two plats. 

Of the eight varieties which have been grown for the six years 
from 1906 to 1911, inclusive, the highest average yields have been 
obtained from Red Algerian (C. I. No. 286) and Red Rustproof 
(C. I. No. 458). Two plats of the latter variety were grown in 1907, 
1908, 1909, and 1910. The failure of Burt (C. I. No. 293) in 1909 and 
the low yields of Red Rustproof (C. I. No. 458), Burt (C. I. No. 537), 
and Kherson (C. I. No. 535) the same year were due to the fact that 
they were planted on ground which had grown grain sorghum in 
1908, while the other varieties followed durum spring wheat. If it 
had been grown under strictly comparable conditions that year, it is 
possible that the Red Rustproof (C. I. No. 458) might have equaled 
or exceeded the Red Algerian in yield. These two varieties are of 
much the same type. The Sixty-Day and the Seventy-five Day, 
two varieties from southern Russia, with small yellow kernels, have 
yielded slightly less than Red Algerian and Red Rustproof. None of 
the varieties grown for less than six years has yielded as well as those 
already mentioned, from averages including the same years. 

RATE-OP-SEEDING TESTS. 

The rate-of-seeding tests for spring oats have been carried on rather 
irregularly. As in similar tests with spring wheats, these experiments 
have not been conducted uniformly. The rates have been comparable 
for the individual years but not for the consecutive crops. 
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The results for 1906 (Table XXX) are in favor of the medium 
seeding for that year. This medium seeding was 2 J times as much as 
the lighter seeding of 1908, which gave the best yields of any test 
that year. In 1911, the heavier rate produced the best average yield. 

Tahle XXX. — Yields obtained in rate-of-seeding tests tvith spring oats at AmarUlOf 

Tex., in 1906, 1908, and 1911. 



C. L 
No. 


S.P.L 
No. 


166 


5938 


458 




293 


U145 


286 


12133 



Year and variety. 



Rate 

of 
seed- 
ing. 



Sixty-Day. 



1906. 

Peeks. 

13 

Red Rustproof A ^ 

Bart / i» 

Red Algerian \l j» 

I 



Yield 


C. 1. 


S. P. I. 


per 
acre. 


No. 


No. 


Bush. 






21.14 
19.64 


254 


8650 


19.76 
19.46 


293 


16865 


16.02 
17.43 


166 


15857 


15.96 
11.82 . 

1 


213 


10330 



Year and variety. 



1906. 



North Finnish Black 



Rate 

of 
seed- 
ing. 



Burt. 



Pee1i9. 

6 

9 

6 

9 



Sixty-Day { g 



Swedish Select. 



6 
13 



Yield 

per 

acre. 



Bush. 
15.00 
11.78 
12.88 
11.40 
10.23 
10.80 
9.30 
7.85 



C.I.NO. 


8.P.I. 
No. 


165 


6938 


286 


12133 


286 


15858 


293 


15856 


458 




458 


19233 



Year and variety. 



Average. 



1908. 

Sixty-Day 

Red Algerian... 

do 

Burt 

Red Rustproof. 
do 



Yield per acre! 
(bushels). 



Seeded 
at4- 
peck 
rate. 



25.00 
38.12 
30.31 
21.12 
32.50 
32.81 



Seeded 
at6- 
peck 
rate. 



29.97 



25.63 
32.38 
29.37 
21.56 
24.75 
32.50 

27.70 



CLNo. 



S.P.I. 
No. 



487 


20370 


286 


12133 


28f 


15858 


165-1 





Yield per acre 
(busneb). 



Year and variety. 



1911. 

Red Siberian. 
Red Algerian. 

do 

Sixty-Day.... 



Seeded 
at5- 
peck 
rat«. 



6.64 
13.28 
16.25 
13.98 



12.54 



Seeded 
at&- 
peck 
rate. 



14.61 
14.43 
15.00 
15.00 



14.76 



I An old road ran through this plat. 

In 1906 the average yield of three varieties was 12.70 bushels to 
the acre from the 6-peck rate and 11.33 bushels from the 9-peck 
rate; the average of two varieties seeded at 6 atnd 13 pecks was 12.63 
and 9.83 bushels for the respective rates of seeding; and the average 
of two varieties seeded at 9 and 13 pecks was 18.58 for the 9-peck 
and 18.53 bushels for the 13-peck rate. The Red Rustproof (C. I. No. 
458) is not included in the latter averages, because the yield of this 
variety at the 13-peck rate is not comparable. In 1908 all the 
varieties were seeded at the uniform rates of 4 and 6 pecks to the 
acre. The six plats seeded at the rate of 4 pecks to the acre aver- 
aged 29.97 bushels, while those seeded at the rate of 6 pecks averaged 
27.70 bushels, a difference of 2.77 bushels in favor of the 4-peck 
rate when the 2-peck difference in rate of seeding is taken into 
account. The four 5-peck plats averaged 12.54 bushels to the acre 
in 1911, while the four 6-peck plats averaged 14.76 biisheki a net 
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difference of 1.97 bushels to the acre in favor of the heavier rate of 
seeding. This difference, however, is due almost entirely to the low 
yield of the Red Siberian variety from the 5-peck seeding, for which 
there is no adequate explanation. 

Although the results here shown are quite contradictory, it is the 
opinion of the writers that 5 pecks of good, clean seed to the acre is 
about the rate of seeding to recommend for spring oats. This 
opinion has been formed by noting the results in the varietal tests as 
well as in the regular rate-of-seeding tests. 



DATE-OF-8BEDING TB8TS. 



Not very much work has been done with date-of-seeding tests of 
spring oats, this crop having generally been seeded as early in the 
spring as possible. When they have been sown early good results 
have nearly always been obtained. This was especially true in 1908, 
when nearly all the oat plats were seeded the latter part of February 
and early in March. In 1910 the early seeding gave very much 
better results than the lat^ seeding (Table XXXI). 

Table XXXI. — Yields obtained in a date-of-seeding test with spring oats at AmarillOf 

Tex., in 1910. 



C. I. No. 


S.P.I.NO. 


165 


17720 


293 


16865 


288 


12133 


468 


19233 


487 


20870 



Variety. 



Sixty-Day 

Burt 

Red Algerian.. 
Red Rustproof. 
RedSiberkn... 



Avenige.. 



Yield per acre 
(bushels). 



Sown 


Sown 


Mar. 9. 


Apr. 1. 


3.91 


4.16 


7.97 


4.77 


11.41 


5.47 


8.98 


5.63 


10.08 


4.53 



8.47 



4.91 



It is probable that early to medium seeding will most often pro- 
duce good yields, though there are conditions under which it would 
be advisable to seed rather late. In the annual report of the farm 
superintendent for 1909, the following instance is given which illus- 
trates conditions that may arise: 

In the spring of 1909 most of the seeding of small grains was done during the first 
two weeks in March. The spring was unusually dry, with high winds. On the morn- 
ing of May 1 the thermometer registered 19^ F. All the early spring plantings were 
very severely injured. This frost was followed by more high winds, which added 
materially to the damage already done. The particles of soil carried by the wind cut 
the growing crop to the ground in several portions of the farm. Later in the season 
the Office of Alkali and Drought Resistant Plant Breeding Investigations sent seeds 
of various kinds to Amarillo to be planted. Among these seeds were several varieties 
of wheat and oats. They were all planted on May 17 on fall-plowed wheat land. 
This planting escaped the frost and sustained very little, if any, injury from the 
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severe weather conditions which prevailed later. The late plantings made a better 
growth of straw than the early plantings, seemed to fill better, and ripened a little 
later. No yield tests were made from these late plantings, as they were grown in 
short rows. 

SOIL-PREPARATION TESTS. 

The results presented in Table XXXII are those obtained in the 
soil-preparation tests with spring oats conducted by the Office of 
Dry-Land Agriculture at Amarillo.* The variety used in these 
tests was Burt (C. I. No. 293). 

Table XXXII. — Annual and average yields obtainedin soil-preparation tests tvith spring 
oats at Amarillo, Tex., for the years 1907, 1908, 1909, and 1911} 



Preparation and condition of the field. 



Shallow spring plowing after oats 

Deep liall plowing after oat's 

Clean-tflled summer fallow 

Deep fall plowing and siibsofled after oats 

Listed after oats and dragged level during summer.. . 

Disked and stubbled in alter milo 

Disked and stubbled in after kafir 

Disked and stubbled In after com 

Deep fall plowing after spring wheat 

Deep spring plowing after spring wheat 

Deep spring plowing after com 

Deep fall plowing after barley 

Rye turned under and kept cultivated 

Cowpeas turned imder and kept cultivated 





Yield per acre (bushels). 


S1907 


1908 


1900 


1911 


3.12 


20.00 





28.20 


4.6S 


32.18 





27.50 


6.79 


32.49 


24.37 


36.15 


4.53 


28.12 





19.20 


7.34 


29.68 





26.80 


1.65 


19.21 





25.80 


1.87 


16.40 





26.65 


3.75 


22.68 





28.00 


3.69 


26.66 


14.33 


26.40 


1.09 


23.43 





35.70 


4.U 


21.87 





35.95 


3.12 


31.25 





35.60 


M.84 


31.87 


5.00 


18.00 


5.78 


27.50 


8.43 


«25.90 



Average. 



16.06 
19.89 
31.00 
15.77 
IS. 82 
U.OO 
14.35 
16.89 
22.46 
19.71 
19.27 
22.28 
IS. 29 
20.61 



< The 1910 crop is not included, as it was on new land whk;h was all treated alike. 

* The 1907 crop is not included in the averages, as it was severely damaged by hail, 
are given; the hail damage was estimated at 75 per cent. 

* Sorghum instead of rve was tumed under in 1906. 

* Canada field peas instead of cowpeas were plowed under in 1910. 



The actual yields 



In 1906 a yield of 36.59 bushels to the acre was obtained from a 
plat of Burt spring oats (C. I. No. 293) on fall plowing, while 25 plats 
of this variety on spring plowing in tests conducted by the Office of 
Dry-Land Agriculture averaged only 13.33 bushels. This evidence is 
very strongly in favor of fall plowing for spring oats, but it is unlikely 
that such a large difference in yield would ordinarily be obtained. 



ENVIRONMENTAL EXPEBIMENTS. 



In order to test the difference in yield between home-grown seed 
and seed grown in some other part of the country, the experiment 
reported in Table XXXIII was conducted in 1906. This was before 
the regular environmental or trilocal experiment with the Red Rust- 
proof oat, reported in Table XXXIV, was inaugurated. In both 
these experiments, better yields were obtained from home-grown 
seed than from that grown elsewhere. These tests indicate that it is 
advisable to use acclimated or home-grown seed whenever it is pos- 
sible to obtain it. 
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Table XXXIII. — Yields obtained in a source-of-aeed test with spring oats at AfnarillOy 

Tex., in 1906. 



C.LNo. 


S.P.I. 
No. 


165 


15038 


16.5 


15857 


283 


s 11145 


293 


16865 


293 


15856 



Variety. 



SixtT-Day 

do 

Burt 

do.... 

do 



Soaroe of seed. 



Channing. Trac 

McPhemon. Kans. 
Cbanning. Tex . . . 
College Park, Md. 
McPberson. Kans. 



Rate of 
seeding. 



Pecki. 



9 
9 
9 
9 
10 



Yield 
per acre. 



BvaiheU, 
21.14 
10.80 
16.02 
11.40 
M3.33 



> The Sixty-Day oat (8. P. I. No. 5038) is the original seed from which S. P. I. No. laS.57 was grown. The 
former had been grown at Channing, Tex., while the latter was grown at McPberson. Kans., during 1904 
and 1905. 

« The Burt oat (8. P. I. No. 11145) is the original seed from which the other two strains were grown. The 
Maryland and the Kansas seed were raised in those States, re«tpectively, during 19(M and 1905, while the 
other was grown at (^banning, Tex. 

» Average yield from 25 plats grown by the Office of Dry-Land Agriculture. 

A trilocal environmental experiment with Red Rustproof oats, 
similar to the one already described with Crimean wheat,^ was begim 
in 1908. Seed of this variety, grown by the Tennessee Agricultm^al 
Experiment Station at Knoxville, Tenn., was obtained and sent to 
Amarillo, Tex., and to the experiment station at Fayetteville, Ark., 
while a plat was also grown at Knoxville. Each year since, seed 
has been sent from the plat grown from the home-grown seed at each 
place to the other two points. The yields obtained in this experi- 
ment are presented in Table XXXIV. The rate of seeding in this 
experiment is 5 pecks to the acre. The plats have been sown on 
March 20, 1909, March 10, 1910, and March 23, 1911. 

Table XXXIV. — Annvxil and average yields obtained in the trilocal experiment with 
Red Rustproof spring oats at Amarillo , Tex., in 1909, 1910, and 1911. 



Yield per acre (bushels). 



Source of seed. 



Amarillo, Tex. (home-grown seed) 

Knoxville, Tenn 

Fayetteville, Ark 




1911 


Average. 


21.80 
18.44 
18.05 


12.00 
9.79 
8.99 



Experiments with Spring Barley. 



VARIETAL TESTS. 



Very little success has been attamed in the tests of spring barley. 
Only one or two varieties have given results which are worthy of 
consideration. The Boehme Hooded (C. I. No. 507, beardless) has 
been grown more extensively than any of the others. It was used 
in the rotation and continuous-cropping plats of the Office of Dry- 



1 See p. 47. 
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Land Agriculture for several years, but failed to produce seed enough 
in 1910 for reseeding in 1911. A similar variety, the TVhite Hooded 
(C. I. No. 716) was obtained and planted instead of the Boehme 
Hooded in 1911. The yields produced by these varieties are shown 
in Table XXXVI. 



&ATB-OF-SEEDIN0 TB8T. 



The results of a rate-of-seeding test which was conducted with 
several varieties of spring barley in 1906 are presented in Table 
XXXV. These results are so variable that no definite conclusions 
can be drawn from them. 



Table XXXV. — Yields ohtained in a rate-of-seeding test wiih tprvnp barley at AmarUlOf 

Tex., in 1906. 



C.J. 

No. 



507 



8.P.L 
No. 



17525 



Variety. 



Boehme Hooded. 



Rate 
of 


Yield 


C.I. 


S.P.I. 


seed- 


per 


No. 


No. 


ing. 


acre. 






Pek. 


Buah. 






{ 4 

6i 


4.79 
6.08 


236 


0131 


7 
9 


6.30 
7.14 


354 


11182 


[ 11 


7.02 


Ids 


7909 



Variety. 



Hanna 

Manchuria 
Smyrna... 



Rate 

of 
seed- 
ing. 



Pek. 

4 
6 
4 
6 
4 
6 



Yield 

per 

sere. 



Buah. 
S.43 
3 
1 



48 
82 



3.28 
1.77 
0.88 



BOIL-PREPARATION TESTS. 



Table XXXVI shows the yields obtained with spring barley in 
1907, 1908, 1909, and 1911 in experiments with different methods 
of soil preparation conducted by the Office of Dry-Land Agriculture.* 
The Boehme Hooded (C. I. No. 507) was used in 1907, 1908, «nd 1909 
and the White Hooded (C. I. No. 716) in 1911. 



Table XXXVI. — Annual and average yields obtained in soil-preparation tests tvith 
spring barley at Amarillo, Tex. y for the years 1907 , 1908, 1909, and 1911.^ 



Preparation and condition of the field. 




Yield 


per acre (bushels). 




M907 


1908 


1900 


1911 


Average. 


Shallow sprine pIowinK after barley 


3.10 
2.91 
5.00 
2.70 
8.02 
2.50 
2.20 


7.91 
13.16 
15.20 
11.87 
10.83 
7.60 
8.13 




5.83 
17.50 






12.20 
11.70 
15.00 
10.30 
11.40 
11.80 
12.30 


6.70 


Deen fall plowing after barley 


10.23 


Clean-til IcfLsiimmer fallow 


15.90 


Deep fall plowlnji and subsoiled after barley 


7.39 


Listed after barley and dragged level during summer. 
Disked and stubbled in after com 


7.41 
6.43 


Deep spring plowing after oats 


6.81 







1 See footnote on p. 47. 

s The 1910 crop is not included . as it was on new land which was all treated aUke. 
* The 1907 crop is not inciudea in the averages, as it was severely damaged by hall. The actual yields 
are given. 
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Experiments with Miscellaneous Cereals. 



PROSO. 



Proso (Panicum miliaceum) is a species of millet introduced into 
this coimtry from Russia. It is commonly called '*hog mQlef and 
''broom-com millet" in the United States. It is grown for grain and 
not for hay. The grain is of value for feeding to live stock, particu- 
larly to hogs, sheep, and poultry. The characteristic of this grain 
that appeals most forcefully to the dry-land farmer is its ability to 
produce a crop of seed in two months or less from the time of seeding. 
There are several varieties of proso, the differences being mainly ia 
the color of the seed and in the length of the straw. The seed may 
be white, yeUow, red, or black. Some varieties have short and some 
have long straw, while the leaves are few in all. A black-seeded sort, 
the Black Voronezh (C. I. No. 27), has produced the best average 
yield in these tests, as shown in Table XXXVII. For the three years 
in which it has been grown the YeUow (C. I. No. 124) has yielded 
slightly more than any other variety. The yields in this table are 
based on a weight of 50 pounds to the bushel. 

Table ICXXYll.— Annual and average yields obtained in a varietal tent nntk proso at 
Amarillo, Tex., for the five years from 1907 to 1911, vnclusive. 



C.I. 
No. 



27 

43 

89 

125 

124 



Variety. 



Black Voronezh . 

White 

do 

Early Fortune. . 
Yellow 



Yield of grain per acre (bushels). 



1907 



9.25 
5.20 
7.36 



1908 



19.50 
17.40 
15.40 
16.20 



1909 



4.14 

.04 

.00 

4.39 

2.19 



1910 



12.20 
11.75 
12.25 
8.35 
12.35 



1911 



16.85 
20.20 
18.45 
14.65 
19.50 



Average. 



12.39 
10.91 
10.69 
10.89 
11.34 



FLAX. 



Flax is a crop that is attracting much attention in the Panhandle 
region, though very little has been grown. A farmer living about 9 
miles northeast of Amarillo reports an average yield of 15 bushels per 
acre on 250 acres, and 22 bushels per acre on 11 acres planted some- 
what later. This statement has been widely circulated and many 
inquiries have been received at the station regarding the growing of 
flax. This crop has been tested in short rows, but not in field plats, 
except that some plats were seeded in 1911 on which the germiQa- 
tion was very poor. The thin stand obtained permitted the weeds 
to grow and they soon choked the flax. Experiments with this crop 
will be continued on a larger scale. 
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Very little has been done with buckwheat at Amarillo. Four 
varieties sent out by the Office of Cereal Investigations were planted 
in the summer of 1909. They were planted late — July 22 — and made 
a very poor growth. Some seed was matured, but the straw was so 
short that it was impossible to harvest the crop. 

EXPERIMENTS WITH CORN. 

A great many varieties of com have boon tested at this station. 
The seed was "l>taiiied from widely different sourees, including sev- 
eral foreign eounlriea as well as many of the Stat<^. t'<»ni has proved 
to be oni' of the poon^st grain crops for the Panhandle country. It 
is much poorer than is indicated by the average yields. Sometimes, 



Fio. II.— View ofn [lunion ol tlui icraln.3orf:huni. (wn, a^d forsKe^uirfhuiii piBL'iattlip 
Field SWlion, AmariHo, Tei., In October. lUOS. 

when the cnip has yielded well, the com has been so badly worm- 
eaten that it was of little value. It was not a safe feed for any live 
stock except hogs, on account of the worm dust. The low yields have 
been duo to drought, cool nights, and the attacks of various insects. 
Com is net recommended as a crop for the Texas Panhandle, as other 
crops, particularly tho grain sorghums, can be grown much more 
successfully. The poor growth of com, as compared with the grain 
and forage sorghums, is shown in figure 11, though the crop of com 
here shown, that of 1906, was one of the best produced at Amarillo. 
Table XXXVIII gives the results of the varietal tests with com. 
The varieties are grouped according to the number of years they have 
been grown, and are placed in each group in the order of their yields. 
It will be noted that less than half of the varieties which have been 
tested were still grown in 1911. Many of those remaining will be 
discarded later. 
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Table XXXVIII. — Annual and average yields obtained in a test of varieties of com at 
Amarillo, Tex. y for the six years from 1906 to 1911 ^ inclusive. 



C.I. 
No. 



110 



120 

58 

62 

59 

111 

133 

123 

149 
151 

140 
144 



143 



60 



125 

138 

127 

134 

89 



131 
132 
134 
114 
147 
146 



145 



Name. 



Turxiey's Jane 

Squaw 

Channins Red 

Golden Beauty 

Eubank's Yellow. . . 

United States Se- 
lection No. 133. 

Purple Dent 

EldridgeRed 

Jaun»k 

Algerian 

Andalusian 

YoUow 

Moqul Black 

Mexican June 

YeUow 

Cocke's Prolific 

Golden Glow 

Munaon 

YeUowDent 

Reid'sYellowDent. 

Plttman 

Texola June 

Hadley's YeUow 
Dent. 

Iowa Silvermine 

Ferguson's Laeuna.. 

Ferguson's Gourd 
Seed. 

Rice Pop 

Stowell's Evergreen. 

Queen June 

Strawbeny 



Marlboro's Prolific. 

MoAulay's Prolific. . 

Leidigh'^s YeUow.... 

Leldjgh's White 

Throckmorton's ... 
June. 

YeUow 

YeUow FUnt 

Alexander's White. . 

LelaRedNo. 1 

Mexican June 

Mexican Red 

LelaRedNo. 2 

United States Se- 
lection No. 120. 

HUdreth's YeUow. . . 

United Stetes Se- 
lection No. 99. 

Eubank's Red., 

Coon's YeUow Dent. 

Laguna 

do 

YeUowDent 

Eubank's June. 



Kind of grain. 



White dent. 
Purple flint.. 

Red dent 

YeUow dent , 

■ * • • • Uw •••••• 

» • « « a Uw •••••« 

Purple dent . 
RedJEUnt.... 
YeUow flint. 

> * • ■ • Uw •••••• 

■ • • • • U V ■••••• 

do 



Black flint.. 
White dent. 
YeUow flint. 
White dent. 
YeUow dent. 
White dent.. 
YeUow dent. 

do ... 

White dent.. 

do 

YeUow dent. 

White dent. 

» • • • « V& V ■ • • • • • 

do 



Pop 

Sweet , 

White dent. . . 
Straw berry 

dent. 
White dent. . . 

do 

Yellow dent... 
White dent... 
do 



YeUow 

YeUow flint.. 
White dent.. 
Red dent 



Red dent 

White dent. 

Yellow dent. 
White dent. 



YeUowDent 

Red Flint 

Mexican June X 

YeUow Dent. 

Moqul White 

Moqul Red 

Mexican Black 

White Flint 

Eight-Row Flint.... 
Northwestern Dent. 

Chiaholm 

Surecropper 

Boone County White 
Ferguson's YeUow 

Dent. 
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Red dent. . . 
Yellow dent. 
White dent. 

do 

Yellow dent. 
White dent. 
YeUow dent. 

do 

Red flint 

YeUow dent. 



White flint... 

Red flint 

Black dent... 
White flint... 

do 

YeUow dent.. 
White dent. . 

do 

do 

YeUow dent.. 



Source. 



Channing, Tex , 

Dalhart, Tex , 

Channing, Tex , 

Kansas 

Channing, Tex. .... , 
Corn Investigations . 



New Mexico — 
Channing, Tex. 

Argentina. 

France. 

Spain 

Cnlna 

Tuba, Ari2 

Hugoton, Kans. 



West Raleigh, N. C. 

Madison, Wis 

Sherman/Tex 

Ulysses, Kans 

Ames. Iowa 

AmartUo,Tex 

Sherman, Tex 

Cold water, Kans ... 



Ames, Iowa. . . 
Sherman, Tex. 
do 



Amarillo, Tex 

Com Investigations , 

Channing, Tex 

do 



BennettsviUe, S. C . . 
Com Investigations . . 
Hutchinson, Kans. . . 

do 

Channing, Tex , 



Italy. 



Channing, Tex. 
Lela, Tex 



Lela, Tex 

Com Investigations 



Altamont, Kans 

Com Investigations . 



Channing, Tex , 

Dalhart, Tex , 

Galveston, Tex 

Corn Investigations. 
Scott, Kans 



Monon,Colo... 
Hueoton, Kans. 

Madagascar 

New Mexico... 



Tuba, Arts 

do 

do 

Hungary 

Ames, Iowa 

Rosser, Manitoba. 

Sherman, Tex 

do 

Ames, Iowa 

Sherman, Tex.... 



Yield of grain per aero (bushels). 



1906 



45.42 

22.80 

9.42 

13.71 



5.71 



27.14 
21.48 

13. 14 
12.85 
19.86 
11.60 
26.71 

20.71 

14.28 

14.28 

11.42 

10.71 

9.42 

9.42 

9.42 

8.71 
8.00 

6.42 
6.42 



1907 



15.28 
6.57 

14.17 
9.00 

10.15 
5.07 

10.71 
13.32 
11.78 
10.95 
9.99 



13.80 
7.49 



1906 






12.86 

7.28 
10.14 
18.94 













14.05 
16.71 



5.71 




6.98 
4.S.3, 
3.57|... 
5.00... 



14.04 

16.19 

8.57 

24.11 

10.71 

7.50 

6.42 

5.71 



1909 



0.54 

1.07 

2.49 

.23 

.45 

.50 



.35 
2.39 
1.07 


1.42 

.35 

3.33 

2.50 

.35 

42 

42 

71 



1 



.47 
1.42 
1.42 
1.19 

.71 
1.42 
1.42 



3.96 
18.57 

7.80 

5.35 
10.42 

3.85 

15.00 
7.67 

11.25 
4.46 
3.92 
2.68 

13.21 
4.64 

11.42 
9.28 
3.39 

10.53 
2.85 
6.07 
7.14 
4.19 
5.71 

4.82 
2.49 
2.85 

3.39 
2.34 



I 
4.06! 
' 







15.08 
13.14 

4.37 









21 
19 
71 



2.14 
1.42 
1.42 
1.42 



1910 



1911 



5.71 
2.71 
4.00 
4.85 
6.42 
7.85 

4.42 
5.57 
4.00 
5.14 



Av- 
er- 
age. 



4. 
1. 
1. 
3. 
5. 



14 
14 
92 
42 
00 
4.85 
8.71 
1.42 
9.57 
4.64 
2.42 
4.85 
3.00 

2.28 

2.71 

.21 

.85 
.28 



1.60 



3.39 

3.03 

.71 



4.28 
4.82 
3.92 
2.85 



11. 81 
8.62 
8.45 
6.73 
7.51 
7.24 

6.09 
5.79 
5.62 
4.11 
3.89 
1.98 
8.12 
6.82 
5.59 
4.85 
4.50 
4.22 
4.14 
3,72 
3.66 
3.48 
3.30 

2.60 
2.20 
1.49 

2.12 
1.31 
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Table XXXVIII. — Anntuil and average yields obtained in a test of varieties of com at 
AmarillOj Tex., for the six years from 1906 to 1911 , inclusive — Continued. 





Name. ^ 


Kind of grain. 


Source. 


Yield of grain per acre (bushels). 


C.I. 
No. 


190S 


1907 


1906 


19011 


1910 
1.67 


1911 


.\v. 
er- 


IM 


Golden Dent 

Legal Tender 


Yellow dent . ■ 
do 


Fargo, N. Dak 




1.42 
.71 

14 




142 


Emerson, Iowa 












141 


Silvermine 


^Tiite dent. . . 

White pop 

White flint.... 
Yollowdent... 
Sweet 


McLoud. Okla 




1 


1.26 
.73 








Popoom 


Amarillo, Tex 












150 


Rilvnr ITinfiT 


Madison/ Wis 








1.07 
.71 






148 


Smith's Ninety-Day 
Country Gentleman. 
Streeter'B Hybrid . . . 


Ames, Iowa 








6.07 
.28 
.04 








Corn Investigations . . 














. . . ..do. ....... 


do 



































The largest yield for the 6-year period from 1906 to 1911, inclusive, 
was obtained from a local variety known as Tumey's June, while 
two other local varieties ranked second and tliird. The superiority 
of Tumey's June is due entirely to the very large yield of 45.42 
bushels to the acre produced by this variety in 1906. When this 
year is excluded from the averages, the Channing Red, another local 
variety, ranks first with an average yield of 8.26 bushels to the acre, 
followed by Eubank's Yellow, Squaw, United States Selection No. 
133, and Tumey's June, in the order named. 

The highest yield for the three years 1909 to 1911, in which a 
number of commercial varieties from other States have been grown, 
was produced by the Squaw, a purple flint variety, from seed obtained 
in the Panhandle. This variety produced an average yield of 7.45 
bushels to the acre. For this period, the other leading varieties, with 
the acre yield of each, were as follows: Purple Dent, 6.59 bushels; 
Moqui Black, 6.15 bushels; Eubank's Yellow, 5.76 bushels; Yellow 
Flint, 5.59 bushels; *' Jaune," a yellow flint variety from Argentina, 
5.44 bushels; and Eldridge Red, 5.21 bushels. Of those six varieties, 
four are of the flint type. 

These investigations indicate that varieties of com which have 
been grown in the locality for a number of years may usually be 
expected to give better yields than those obtained from a distance, 
even though much attention has been devoted to the improvement 
of these latter varieties in the regions from which they come. There 
does not seem to be any marked diiTeience in yield between the flint 
and dent types, though the latter is probably to be preferred because 
it is more easily masticated by hve stock. In a region such as this, 
where all grains are usually very hard in texture, this is an important 
consideration. As already stated, however, the grain sorghums are 
such well-adapted and profitable substitutes that there seems to be 
no good reason why corn should be extensively grown in the Texas 
Panhandle. 
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In addition to the varietal test which is reported in Table XXXVIII, 
an experiment with com, United States Selection No. 133, is being con- 
ducted under the direction of Mr. C. P. Hartley, Physiologist in 
Charge of Com Investigations. In this experiment, which has been in 
progress since 1907, the object is to study the behavior of com when 
planted year after year with no selection whatever. Some work with 
com varieties was also begun in cooperation with the Ofl&ce of Com 
Investigations in 1911. 

DATE-OP-PLANTINQ TESTS. 

The date-of-planting tests with com have not been very extensive. 
The results are shown in Table XXXIX. 

Table XXXIX.— Yields obtained in daU-of-planting tesU with corn at Amarillo, Tex. 



Bloody Butcher, a red dent variety. 



Date of planting. 



April 25, 1906.. 
Ilayl5, 1008.. 
April 24, 1000.. 
llay 15, 1000. . 
April 25, 1910.. 
Ilay7,1910... 
Kay 17, 1910.. 



Distance 

between 

stalks. 



Inches. 
18 by 42 
18 by 42 
24 by 42 
24 by 42 
24 by 42 
24 by 42 
24 by 42 



Yield 
per acre. 






Bushelt. 
23.00 
26.00 
7.34 
2.31 
2.85 
7.14 
9.42 



Eubank's Juno variety. 



Date of 
planting. 



May 

June 
liay 
May 
May 
May 



23,1906 
5.1006 
5.1907 
13, 1907 
20,1007 
27, 1907 



Yield 
per acre. 



Buskda. 
45.42 
24.57 
12.00 
13.57 
19.85 
15.42 



The Bloody Butcher variety reported in Table XXXIX is a red 
dent com obtained in the locality, which is similar to the Channing 
Red and the Eldridge Red used in the varietal test. In 1908 and 
1910 the later planting gave the higher yield, while the reverse was 
the case in 1909. The best yields of June corn (Table XXXIX) 
were obtained in 1906 and also in 1907 from plantings made about 
May 20. While the data presented are not conclusive, and variation 
is necessary from year to year according to climatic conditions, it is 
probable that better results are ordinarily to be obtained in the Pan- 
handle from com planted about May 15 than from that planted at an 
earlier date. 



EATE-OP-PLANTING TESTS. 



In the experiments with corn at AmariUo, planting has generally 
been rather thick and the plants afterwards thinned to the desired 
stand. The rows were from 3^ feet to 3 feet 8 inches apart, with the 
plants 2 feet apart in the row. In years when the rainfall was 
abundant this stand is about right, but in years of drought a much 
greater distance between the plants is required. In 1907 a test was 
made of different distances between the stalks on plats of Eldridge 
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Red com after wheat and after sorghum. The rows were 44 inches 
apart in all cases. From the plats which were grown after wheat a 
jdeld of 8.28 bushels to the acre was obtained where the stalks were 
52 inches apart in the row, while 7.42 bushels were produced where 
they were 46 inches apart. Similarly, on the plats after sorghum 
the yields were 5.99 and 4.42 bushels, respectively, for row spacings 
of 49 and 44 inches. In both cases the larger yield was obtained 
from the thinner planting. 



SOIL-PREPARATION TESTS. 



Experiments with different methods of planting and cidtivating 
corn were begun in 1906. In tests of sod land broken the previous 
fall surface-planted com on spring plowing which was cultivated 
twice yielded 7.42 bushels to the acre and that cultivated five times 
yielded 8.57 bushels. Corn which was listed after spring plowing 
yielded 5.85 bushels when cultivated twice, and the same yield was 
obtained when it was cultivated five times. These results (Table 
XL) were obtained in experiments conducted by the Office of Dry- 
land Agriculture.* On sod broken the previous summer and backset 
in September, surface planting yielded 13.21 bushels, shallow listing 
11.14 bushels, and deep listing 11.67 bushels. The last-named results 
are all average yields from two plats each, all of which were culti- 
vated five times. These experiments indicate that surface planting 
is to be preferred to listing, while little is to be gained in this region 
by cultivating more than twice, unless it is necessary to prevent the 
formation of a crust on the soil. The common red dent variety was 
used in this experiment. 

Table XL. — Anniuil and average yields obtained in soU-preparation tests vnth com at 

Ajnarillo, Tex., for the years 1908 y 1909, and 1911.' 



Preparation and condition of the fleld. 



Shallow spring plowing after corn 

Deep fall plowing after com 

Clean-tilled summer fallow 

Deep fall plowing and subsoiled after corn 

Listed in spring after corn, ordinary cultivation 

Listed in spring aft«r com. good cultivation to conserve moisture. 

Deep fall plowing after oats 

Deep spring plowing after oats 

Deep fall plowing alter winter wheat 

Deep spring plowing after spring wheat 

Deep fall plowing after spring wheat 

Deep spring plowing after barley 



Yield per aero (bushels). 



1908 



20.28 
22.85 
27.67 
25.71 
25.28 
24.14 
18.36 
12.85 
23.11 
14.28 
18.05 
17.00 



1909 



0.57 
2.71 
6.42 
1.71 
7.28 
3.35 

(«j 

r« 

(*> 
(*) 



1911 



8.10 

S9.20 

9.30 

•7.10 

7.60 

7.90 

9.80 

10.30 

7.36 

9.20 

9.00 

9.00 



Average. 



9.65 

11.58 

14.43 

11.61 

13.38 

11.79 

9.38 

7.71 

10.16 

7.82 

9.31 

8.66 



1 See footnote on p. 47. 

> The 1910 crop is not included, as it was grown on new land. 

> Deep spring plowing, as the soil was too dry to plow the previous fall. 

< These plata were not husked, though all were better in yield of fodder th^ the poorly plowed, sub- 
soiled, or fall-plowed plats for which yields are reported. 
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EXPERIMENTS WITH GRAIN SORGHUMS. 

The grain sorghums are very well adapted to the Panhandle country 
and are the most dependable crops that can be grown. The growing 
of these feed crops will make stock farming, an occupation for which 
the Panhandle is admirably adapted, a most important industry. A 
great deal of work has been done with grain sorghums at Amarillo, 
more perhaps than with any of the other grains. These experiments 
were under the direction of Mr. Carleton R. Ball, Agronomist in Charge 
of Grain-Sorghum Investigations, and the data are in his possession. 
These data have been drawn upon by Mr. Ball in a number of bulle- 
tins.^ To illustrate how these data have been used, the following 
quotation from one of these publications is given.' 

The results of four years' experiments at the Amarillo Experiment Farm, Anuirillo, 
Tex., indicate that in general the kaoliangs yield best with a stand of 1 stalk in each 5 
or 6 inches of row; the miloe and durras with 1 stalk in each 7 or 8 inches of row; and 
the kaiirs with 1 stalk to each 9 or 10 inches of row. In all cases the rows are 3} feet 
apart, and as far as possible the seeds are dropped singly in the rows. Under these 
conditions improved varieties in each of the three distinct groups give approximately 
the same 3rields. The Amarillo Experiment Farm has an elevation of 3,600 feet and 
an average rainfall of 22 inches, the larger part of which comes during the growing 
season. Further investigations, continuing the experiments through a longer period 
of years, may discover that better average yields will be produced at other spacings 
than those noted above. 

VARIETAL TESTS. 

The different phases of the grain-sorghum experiments are not 
discussed in detail here, as a bulletin covering this work is in prepara- 
tion. In Table XLI the annual and average yields of the varieties 
grown in field plats from 1906 to 1911, inclusive, are given. These 
averages include the poor plats each year as well as the good ones. 
For this reason the yields here reported are approximately those that 
cian be expected from the ordinary methods of farming. 

1 Fanners' Bulletin 322, MUo as a Dry-Land Grain Crop, 1908; Farmers' Bulletin 448, Better Grain- 
Sari^um Crops, 1011; Bulletin 176, Bureau of Plant Industry, The History and Distribution of Sor> 
l^um, 1910; Bulletin 203, Bureau of Plant Industry, The Importance and Improvement of the Grain 
Sar^ums, 1911; and Bulletin 253, Bureau of Plant Industry, The Kaoliangs: A New Group of Grain 
Sorghums, 1913. 

* Farmers' Bulletin 448, Better Grain-Sorghum Crops, p. 29. 191L 
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Table XLI. — Annual and average yields of grain-sorgkum varielies at AmariUoy Tex., 

for the six years from 1906 to 1911, inclusive.^ 



Variety. 


Yield per acre (bushels). 


1906 


1907 
23.93 


1908 


1909 


1910 


1911 • 


Average. 


MUo 


« 


35.62 
41.37 


6.14 
11.00 


19.67 

20.68 

14.73 

10.60 

7.22 

12.35 

9.66 

5.21 

9.46 

4.61 

6.92 

10.45 

10.72 

.40 

9.60 


32.28 
38.24 
31.51 
32.44 
22.32 
29.93 
21.24 
18.68 
25.01 
24.42 
25.40 
22.09 
25.40 
17.20 
22.00 


23.52 


Dwarf niilo. 




27.82 


White milo 






23.12 


White durra 






33.29 
33.88 
35.07 
33.82 
33.06 


11.51 
8.80 
4.23 
5.04 
3.81 
8.67 
5.37 
9.44 
13.04 
14.27 


21.96 


Buff dnrn^ 






18.06 


DiiiTA^kaflr hybrids. , . , 






20.39 


Blackhull kallr 


44.36 
42.85 


18.91 


22.17 


RedlraflT....... . 


20.72 


White kaflr 


14.38 


New African kaflrs 








11.46 


Blftckh»»ll ln"^i|ftnf?,,» . 






43.10 
29.71 
18.10 
(•) 


2L21 


Brown kaoliang . . , , , 






18.82 


White kaoUane 






17.12 


Shallu T 


26.10 




14.57 


Milo hybrids 


15.80 















1 In this table, the average for each crop is taken from all the plats of that crop grown at the farm that 
year, regardless of the special tests in which they were included. In a number of cases this greatly reduced 
the average yield . For example, the brown kadiangs included a large number of different strains, some fA 
which were very low yielders. The table, however, gives a general idea of what these crops will do under 
ordinary conditions. 

< The crop of shallu for 1908 lodged verv badly before ripening and was not harvested. The estimated 
yield was lo bushels, but this is not used in the table. In 1900 no shallu was planted. 

Only one variety, the Blackhull kafir, has been grown continu- 
ously during the six-year period from 1906 to 1911. The average 
yield of all tests of this variety is 22.17 bushels to the acre, as com- 
pared with 11.81 bushels of Tumey's June, the leading variety of 
com in the varietal test. For the five years from 1907 to 1911, milo 
has produced an average yield of 23.52 bushels, Blackhull kafir 17.73 
bushels, and Channing Red, the leading variety of com for this 
period, only 8.26 bushels. A number of varieties have been grown 
for the four years from 1908 to 1911, inclusive. For this period the 
best average yield was produced by Dwarf milo, 27.82 bushels, fol- 
lowed by ordinary milo with 23.43 bushels, white durra with 21.96 
bushels, and Blackhull kaoliang with 21.21 bushels. The leading 
variety of com yielded only 7.45 bushels to the acre for the same 
period. At present, milo and kafir are most generally to be recom- 
mended for the Panhandle region. Part of a row of Dwarf milo in 
the breeding plat at Amarillo is shown in figure 12. 

SOIL-PREPARATION TESTS. 

In Table XLII the results obtained in the soil-preparation experi- 
ments for milo and kafir conducted by the Office of Dry-Land 
Agriculture are presented.* In 1907, standard milo (C. I. No. 235), 
was used in this test; in 1908, Dwarf milo (C. I. No. 236) ; and in 1909 
and 1911, standard milo (C. I. No. 234). Blackhull kafir has been 
used in all the experiments with that crop. 



I See footnote on p. 47. 
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Yield per »CTe(buatiBb). 


,«, 


laos 


i«» 


mi 


A^Bge. 




21.12 

n.A2 


48: 12 
19.60 

21. (a 


i.7 


2a.t 

8,3 
















Preparation for kaflr; 























EtO. 13.— P[«toa ol a head n 



EXPESIMENTS WITH BROOM CORN. 

Broom corn is another soi^hum which 13 adapted to the Panhandle 
country and which promises to be one of the money crops. It is 
aheady grown to some extent, but is not a refjular crop. Individual 
farmers try it for a year or so and then give it up because ot a poor 
crop or low prices or because they find they do not understand how to 
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handle it. There are a few men, however, who grow broom com 
regularly and who seem to find the crop a profitable one. 

Aside from the breeding of a dwarf strain of standard broom com, 
very little work has yet been done with this crop at the Amarillo sta- 
tion. A few rows have been grown each year for several years and 
head selections have been made and studied. More extensive work 
is now in progress, but no data as to yields are yet available. The 
growth, cultivation, and general care of broom com in the field are 
very similar to that of the other sorghums. The harvesting, curing, 
baling, and storing of the brush, on the other hand, are problems alto- 
gether different from those met with in the growing of either grain 
sorghums or forage sorghums. 

CEfilEAL-DISEASE EXPERIMENTS. 

Much cereal-disease work of the OflSioe of Cereal Investigations has 
been done at the Amarillo station, and the field investigations of the 
diseases of sorghum have been concentrated there since 1907, 10 to 30 
tenth-acre plats having been used each year. Other diseases which 
have been studied include the loose smuts of wheat and barley, the 
stinking smut of wheat, covered smut of barley, and oat smut. 

THE SORGHUM SMUTS. 

The life history of the kernel smut of sorghum (SpJidceloiheca sorghi 
(link.) Clint.), has been investigated for this region. This smut 
lives from year to year as spores, which get on the seed in thrashing 
and handling. When such smutted seed is planted, the smut again 
occurs in the crop. All varieties of sorghum, with the exception of 
milo, are subject to the attack of this disease. The life history of 
the head smut of sorghum (Sphacelotheca reUiana (Kuhn) Clint.), here- 
tofore unknown, has been worked out and will be described in a forth- 
comhig bulletin. A third smut (UstUago cruerUa Kuhn), very similar 
to kernel smut, has recently been found at Amarillo. In 1911 it was 
shown that it lives from year to year exactly as does the kernel smut. 

A very satisfactory treatment for the prevention of kernel smut 
has been tested at Amarillo. This consists in soaking the seed in a 
solution of 1 pound of formalin to 30 gallons of water for 1 hour. 
The seed can be sown immediately after treatment or, if dried care- 
fully, can be kept for weeks or months without injury to the germina- 
tion. Tliis treatment is ako effective for the new kernel smut. 

A large number of treatments have been tried for the head smut, 
but none has yet been found effective. The only way now known to 
reduce this smut is to remove all smutted plants as they appear and 
to burn them so as to destroy all the spores, but it is hoped, from 
recently acquired knowledge of its life history, that specific preventive 
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measures may be developed. Circular No. 8 of the Bureau of Plant 
Industry on the smuts of sorghum has been published as a result of 
the work done at Amarillo. This circular describes both the kernel 
smut and the head smut and discusses various methods for their 
prevention. 

THE LOOSE SMUTS OF WHEAT AND BARLEY. 

Considerable field work has been done on the loose smuts of wheat 
and barley. These smuts have been very abundant in some vari- 
eties of these grains at this station. A large number of varieties 
have been treated with the modified hot-water treatment. This 
consists of soaking the seed in cold water for 5 hours and then 
treating it in hot water at 54° C. for 10 minutes for wheat or at 
52® C. for 15 minutes for barley. • This treatment was found to 
be effective in preventing the loose smuts. These smuts, with the 
treatments for their control, are fully described by Freeman and 
Johnson in Bulletin No. 152 of the Bureau of Plant Industry. 

THE STINXmO SMTXT OF WHEAT, SMTXT OF OATS, AND COVERED SMUT OF BARLEY. 

Little experimental work has been done on stinking smut of 
wheat, oat smut, and covered smut of barley at Amarillo. These 
smuts, however, have been found in many of the varieties. In 
order to prevent them, the seed has been treated with a formalde- 
hyde solution composed of 1 pound of 40 per cent formaldehyde 
(formalin) to 40 gallons of water. This treatment is very effective 
and is now applied every year to all of the varieties in the field plats 
in order to keep the station free from these smuts. 

EXPERIMENTS WITH FORAGE CROPS. 

Various experiments with forage crops have been conducted 
cooperatively at the Amarillo field station by the OflBce of Forage- 
Crop Investigations since the farm was established. Two publica- 
tions have been prepared by the Office of Forage-Crop Investigations, 
containing in part the data resulting from these experiments. These 
are Bulletin 102 of the Texas AgricTiltural Experiment Station, 
entitled '* Forage Crops for Northwest Texas," and Farmers' Bul- 
letin 458 of the United States Department of Agriculture, entitled 
''The Best Two Sweet Sorghums for Forage." 

EXPERIMENTS WITH MISCELLANEOUS CROPS. 

SUGAR BEETS. 

The experiments with sugar beets at the Amarillo station were 
conducted in cooperation with and under the direction of Dr. C. O. 
Townsend, formerly pathologist in charge of sugar-beet investigations 
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of the Bureau of Plant Industry. The (!et ailed results arc now on 
file in that ofRce. A number of experiments were conducted in 1907. 
In 1908 no stand was secured, though two plantings were made. 
In 1909, 20 twentieth-acre plats were grown with a different variety 
on each plat. No attempt is made here to give the details of these 
experiments. Table XLIII gives briefly the average res\JtB for 
the two years the sugar beets were grown. The highest yield, the 
highest percentage of sugar in juice, and the highest coefficient of 
purity are also given for each year. The highest results in the 
three columns were not obtained on the same plats. The highest 
yield was obtained on one plat, the highest percentage of sugar in 
juice from another, and the highest coefficient of purity from a still 
different plat. 

Table XLIII. — Yields sugar conUnty and coefficient of purity obtained in tests of sugar 

beets at Amarillo, Tex., in 1907 and 1909. 



Statement of averages. 



Average for 1907 . 
Average for 1909. 



Average for two ycnrs. 



Highest forI907. 
Highest for 1909. 



Yield per 
acre. 


Sugar con- 
t4)nt in 
juice. 


Pounds. 
12,363 
5.414 


Percent. 

17.81 
16.67 


8,889 


17.24 


20.620 
8.780 


22.40 
18.40 



Coefficient 
of purity. 



Per eenf. 
82.34 
7&86 

80.60 



88.90 
84.00 



COTTON. 



A great many questions about the cotton crop are asked by people 
looking for investment or homes in the Panhandle country. Cotton 
is not grown commercially nearer than 100 miles to the south and 
east of Amarillo. Very little experimenting has been done with 
cotton, either at the station or by the farmers in this region. The 
office in charge of cotton investigations has not undertaken any 
work in the Panhandle, but two experiments have been made by 
the farm superintendent, one in 1909 and the other in 1911. 

The seed for the first experiment was furnished by Mr. J. H. Avery, 
of Amarillo, Tex., who was then acting as secretary of the Amarillo 
Chamber of Commerce. This seed was at least two years old when 
planted. The notes are briefly as follows : Approximately a twentieth - 
acre plat was planted May 17, 1909, half of which was on faU-plowed 
wheat land and half on cowpea land, double disked in the spring. 
The soil was in good condition but rather dry. The cotton was 
seeded quite thickly in rows 2 feet apart. The plants appeared 
above the ground on May 31. When they reached a height of 6 or 8 
inches they were thinned to one plant to every 10 or 12 inches of 
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row. Good level cultivation was given. The plants attained a 
height of 15 inches, with an estimated average of 15 bolls to the 
plant, most of which matured. The first picking was made on Octo- 
ber 2. Other pickings were made at intervals during the month 
of October. A total of 17 poimds of seed cotton was picked from 
the plat. This is at the rate of 340 pounds of seed cotton per acre. 

The seed for the second experiment was furnished by Mr. O. B. 
Burnett, of Memphis, Tex. It was from a strain of cotton he has been 
improving for a number of years. A tenth-acre plat was planted 
May 27 on spring-plowed cowpea land in rows 3^ feet apart, coming 
up unevenly on June 7. It was not thinned, as the stand was thin 
enough, though rather imeven, averaging about 12 inches between 
plants in the row. Good cultivation was given. Squares began 
forming on July 22, and the first blossom appeared during the first 
week in August. The first boll opened on September 23, but the 
crop was not picked \mtil December 11 and 12. The picking w^ 
done late in order to test the ability of the bolls to hold the lint. 
About 2 per cent (estimated) of the lint was blown out. The yield 
per plat was 65 poimds of seed cotton, or 650 pounds per acre. 

Further testing will have to be done before it wiU be safe to draw 
any very definite conclusions in regard to the growing of cotton in 
this region. It is rather doubtful if it will ever make a successful 
crop here. 

EZFEBnCBNTS AT DALHABT. 

In 1907 a farm and permanent equipment for experimental work 
at Dalhart, Tex., was placed at the disposal of the OflBce of Cereal 
Investigations. This farm finally was organized as one of the field 
stations of the Office of Dry-Land Agriculture. Dalhart is 81 miles 
northwest from Amarillo. Conditions at the two places are very- 
similar, except that the soil at Dalhart is more sandy than that at 
Amarillo. The experiments with cereals have therefore been con- 
fined chiefly to varietal tests in order to determine varieties adapted 
to that soU type. The general results of these tests are herein given. 

VARIETAL TESTS OF CEREALS. 

The small-grain tests in 1908 were entirely destroyed by hail on 
Jime 15. The season was very dry, there being but 12.28 inches of 
rain during that year. The grain sorghums were also destroyed by 
hail. Some of the varietal plats were replanted later, but none 
matured. Six plats of nulo grown in various tillage and rotation 
tests by the Office of Dry-Land Agriculture gave an average yield of 
26.8 bushels to the acre, but the replanted kafir did not mature 
grain, though making good yields of fodder. 
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The year 1909 was a very severe one for all grains. Yields were 
obtained from winter wheats, winter rye, spring wheats, proso, and 
milo. Complete failures occurred in the case of winter barley, win- 
ter oats, and winter emmer. Most of the grain sorghums were planted 
too thickly and* did not survive the extreme summer drought. Two 
plats of milo, which were more favorably located to accumulate 
spring run-oflf water than the remainder of the plats, gave an average 
yield of 26 bushels to the acre. 

In 1910 the variety tests of small grains were entirely destroyed by 
the blowing and drifting of the soil. The grain-sorghum varieties 
made an excellent crop. 



WINTER SMALL GRAINS IN 1909. 

The winter small grains harvested in 1909 were planted on land 
broken from sod in August, 1907, fallowed in 1908, and plowed 6 
iq^hes deep in August of that year. Practically no rain fell in August, 
September, October, and November, 1908. The seeding was done on 
November 24, having been delayed on accoimt of the dry weather. 
There was snow equaling 0.93 inch of precipitation on November 27. 
Much of the grain germinated but made no appreciable growth before 
winter. The yields obtained from the varieties of wheat and rye are 
shown in Table XLIV. 

Table XLIV. — Yields of straw and grain obtained from varieties of winter wheat and 

rye at Dalhart, Tex.y in 1909. 



C. I. No. 


8. P. I. 
No. 


1558 


11610 


1561 


5498 


1559 




2902 




2943 




2223 


11229 


1543 


6012 


1437 


5636 


1563 


5499 


1560 


5496 


1562 


5496 


1667 


7787 


2206 


9125 


1442 


5641 


1436 


5635 


1438 


5637 


2339 


9358 


1435 


6015 


2398 


9672 


2942 


17994 


1571 




2092 


7430 


1395-2 




114 


• 


34 


10367 



Name. 



WIKTKR WHEAT. 



Turkey 

Theiss 

Crimean 

Mammoth Red . . 
Hard red winter 

Turtty 

Belogllna 



Crimean..... 
Weissenberg. 



Banat 

Bacska 

Beloglina 

Kharkof 

Do 

Crimean 

Ghlrka 

Beloglina 

Crimean 

Oalgalos 

Rieti 

Turkey 

Jelar 

Diehl Mediterranean. 



WINTER BTE. 



Kansas. 
Ivanov . 



Original source. 



Russia 

Austria 

llunfary 

Oklahoma 

Local 

Russia 

do 

do 

Austria -Hun- 
gary. 

do 

do 

Russia 

do 

do 

do 

do 

do 

do 

do 

Italy 

Kansas^ 

Spain 



Yield per acre. 



Straw. 



Grain. 



Kansas. 
Russia. 



Pounds. 
1,990 
1,840 
1,820 
1,630 
1,450 
1,290 
1,700 
1,600 
1,750 

1,550 

1,530 

1,460 

1,940 

1,480 

1,310 

1,490 

1,200 

1,160 

850 

850 

1,750 

900 



1,850 
1,600 



BtuheU. 
16.83 
16.83 
16.33 
15.33 
12.50 
11.83 
11.67 
11.67 
11.67 

11.67 

11.67 

11.50 

11.00 

10.33 

9.83 

9.33 

9.16 

8.16 

7.50 

6.66 

5.00 

4.17 

3.33 



6.36 
5.36 



Weight 

per 
bushel. 



Pounds. 
60 
60 
58 
60 
59 
60 
59 
67 
58 

60 
58 
59 
59 
58 
57 
SO 
69 
58 
58 
59 
60 
66 
66 



55 
55 



1 Originally from Kansas, but the seed used for this crop had been grown for several years previously in 
British Columbia. 
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BPBINO SMALL GRAINS IN 1900. 

Twenty-seven varieties of spring wheats were tested on tenth-acre 
plats in 1909. Most of these varieties failed by reason of a combina- 
tion of drought and soil blowing. Since these failures were not 
wholly due to the varieties themselves, the varieties destroyed are 
not reported. Yields of the remainder are found in Table XLV. 
The yields obtained from five varieties of proso are also included. 

Table XLV. — Yields of straw and grain obtained in a varietal test of durum and common 

spring wheal ana proso at Dalhart^ Tex.^ in 1909. 



C. I. No. 


S. P. I. 
No. 


Name. 


OrlgJnal source. 


Yield per acre. 


Weight 


Straw. 

Pounds. 

1,530 

1,130 

1,100 

960 

870 

640 

1,950 

1,700 
TOO 
1,200 
1,950 
1,950 


Grain. 


per 
bushel. 


2246 


10364 


DVBUM WHEAT. 

iTnh^ini:^ . . . , 


Rassia 

Bulgaria 

Algeiia 

do 


BU9lul8. 

7.83 
7.83 
6.67 
5.67 
5.60 
1.83 

14.17 

10.00 

5.00 

3.91 

Failed. 

. . .do. ... 


Pounds. 
59 


3575 


Oftvarna 


60 


2537-I-I 




ManrbaM 


58 


2545-1 




Semonller 


. 50 


2669 






Italy 


68 


2092 




Realforte 


. .. . .do.. 


58 


2398 


9872 

9425 
22422 


COMMON WHEAT. 

QaUcalos 


Russia 


58 


27 


PROSO. 

Black Voronezh 














Native 






11 


2797 


Red Russiaii 






39 


W hlte 



















GRAIN SORGHUMS. 



In 1909, 2i acres were used for grain-sorghum tests. This land 
had been fall plowed in 1908 and given good care. Fourteen varieties 
were grown in a total of 23 tests of one-tenth acre each and 4 tests of 
one-twentieth acre each. Of these tests all failed but two one-tenth acre 
plats of milo (C. I. No. 235) and one one-tenth acre plat of Dwarf milo 
(C. I. No. 236). The two plats of milo averaged 26.5 bushels of grain 
per acre, while the single plat of Dwarf milo yielded at the rate of 25.4 
bushels per acre. As previously noted these plats were so located as 
to receive a considerable amount of run-oif water early in the season 
and thus had an advantage over the other plats. 



RATE-OF-SEEDING TESTS WITH WHEAT. 

The results of seeding both winter and spring wheat in 1909 at 
different rates are given in Table XL VI. 
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Table XL VI. — Yields of straw and grain obtained in rate-of-seeding tests with winter 

ana spring wheat at Dalharty TVx., in 1909. 



Kind of wheat. 



Turkey winter. 



Kubanka durum spring. 



Oalgalos common spring. 



Rate of 


Yield per acre. 


seeding. 


Straw. 


Grain. 


PecU. 

\ 2 
3 
4 
5 
6 
2 
3 
4 
5 
2 
3 
4 
5 


Pottiub. 
1.700 
1,990 
1,920 
1.940 
2,330 

900 
1,380 
1.530 
1,970 

880 
1,480 
1,950 

920 


BvMhel9. 

13.33 

16.83 

17.83 

18.50 

20.33 

4.16 

6.16 

7.83 

10.50 

5.33 

13.67 

14.17 

7.83 



Weight 

per 
bushel. 



Pottndf. 
60 
(0 
60 
GO 
60 
50 
59 
50 
50 
58 
58 
58 



Owing to winter drought and spring winds the killing of both the 
winter and spring wheat was very severe. The thickest plantings 
in this test were not too thick this year, while ordinarily they would 
have been so thick as to have been partly stunted. For that reason 
the test is of little value as an indication of the proper rate of seeding. 

EXPERIMENTS AT CHILIJCOTHE. 

Varietal tests of small grains have been conducted at Chillicothe, 
Tex., for five years. The tests at that place are made on an experi- 
ment farm operated cooperatively by the Office of Forage-Crop 
Investigations and the Texas Agricultural Experiment Station. 
The small grains grown there are but a minor part of the work of 
the Chillicothe station, which is primarily for the testing and im- 
provement of forage crops. A general view of the small-grain tests 
at this station in 1906 is shown in figure 13. 

LOCATION, RAINFALL, AND SOIL. 

Chillicothe is about 150 miles southeast of Amarillo. Its altitude 
is 1,500 feet, which is 2,340 feet lower than that of Amarillo. While 
it lies somewhat beyond the eastern edge of what is defined as the 
Panhandle in this bulletin, the data obtained are applicable to the 
eastern and lower portions of the region and so supplement those 
obtained at Amarillo and elsewhere. Chillicothe is about at the 
western edge of the older wheat-growing section of the State and may 
be regarded as representative of quite a large territory along both 
sides of the Red River and of the districts with similar elevations to 
the north and south. 

The average rainfall is approximately 23 inches per annum, 
although data are not obtainable for a sufficient period of years to 
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efltablish a final conclusion. The rainfall data for the years reported 
are given in Table XL VII. 

Table XLVII. — Monthly, annual, and average preeipilation. in indies, at CMUicotke, 
Tex,., for the five yeari/rom 1906 to 1910, iaelttfire.' 



V»r. 


J«. 


Feb. 


Hat. 


Apr. 


Mmj. 


Juiw. 


July. 


Aug. 


3.pl 


Oct. 1 Nov. 


Dec 


^ 







0.22 
.08 


]l 


a! SI 


4*0 


4.20 

B.on 


i!m 
a. 68 


;| 


':i 


4.S8 

ilao 


0,» 
4! ST 






V. 

0,S3 










1910 


14.19 


Averag..... 


.13 .00 


l.Mj.,24 


3.88 


6.03 


3.M 


..«|2.08 


J.23| 1.93 


.10 


2S,13 



Phnt InduKry.TJ. S. D^. of AerlQUltiiiB, C 



it, 0(Ac« or Fong«-rnjp Invcsllgalloas, I 



The soil on which the station is located is a rather sandy reddish 
loam which contains enough of a shalelike clay to bake aiter hard 



Pin. 13. — Oenan 



rains. This soil washes somewhat and will drift badly in bare, 
level fields during high winds. 

VARIETAL EXPERIMENTS WITH WINTER CEREALS. 

The results of varietal trials of winter cereals obtained from 1906 
to 1910, inclusive, are given in Table XL\1II. The land seeded 
in the fall of 1905 had produced a good crop of winter wheat. It was 
prepared just as the farmers in that locality prepare their fields. 
The land for the 1907 crop was in cowpeas in 1906. During the 
spring of 1907 the green bug or grain aphis destroyed about all the 
small grain in that part of the State. The fields at the station were 
infested, but drought and other weather conditions checked the 
development of the insects and a small crop of grain was obtained. 

The 1908 crop was seeded in good condition on land cropped in 
cowpe^ in 1907. An excellent crop was harvested, but most of the 
value of the year's work was lost because of a storm which mixed 
the shocked grain on part of the plats so as to render accurate yield 



76 



CEBEAL EXPEBIMENTS IN THE TEXAS PANHANDLE. 



tests of each variety impossible. Careful notes had been made pr^ 
viously and it is thought that Mediterranean winter wheat (C. I. 
No. 1395-2) would have produced a yield of 20 bushels per acre. 
The mixed bundles were collected and when thrashed gave an acre 
yield of 14 bushels as the average of these plats. 

The crop of 1909 was seeded on land which had been in cowpeas 
in 1908 and the prospects for a good crop were excellent. However, 
the winter was very severe and much winterkilling result^ from 
blowing soil. 

The seeding in the fall of 1909 was done on cowpea land and a good 
stand was obtained, but the dry spring in 1910 resulted in a very 
small crop. 

Table XLVIII. — Annual and average yields obtained in varietal tests of tninter grains 

at Chillicothe, Tex.\ 1906 to 1910, inclusive. 



C.I. 
No. 


S.P.I. 
No. 


Name. 


Kind of grain. 


Origin. 


1906 


1907 


1906 


1909 


1910 


.Aver- 
age. 


2246 
1564 
1558 


10364 
12015 
12013 
9125 
12004 
11650 


WHEAT. 

Kubftnkai 

Pester boden 

Turkey 


Durum 

Hard red 

.... .do* ••••... 


Russia 

. . .do. ..... 


Bui. 
23.80 
20.40 
24.00 
20.30 
30.80 
19.50 
24.60 
17.30 
22.60 
20.10 

21.80 
20.10 


Bu8. ' But. 
S13.14 19.50 
7.06 9.50 
7.56 


Bus. 
7.31 
8.79 
6.36 
2.08 
6.79 
7.38 


But. 
1.50 
2.66 
3.83 


But. 
13.05 
9.68 
in AA 


2208 


Kbarkof 


do 


9.45 
7.11 
5.76 




1.00 8 21 


1561 


Ttaeiss 




Hungary.. 
...do 


1A on 


1563 
2900-1 


Weissenberg 


do 

do 


'i.66' 
1.83 


10.88 


1506 


7582 

12007 

9872 

12002 
9358 

11650- 

10367 
10366 

11193 


Fretes 


Medium red... 

Hard red 

Medium hard 

white. 
Hard red 


Algeria.... 

Russia 

. ..do 

. . .do. ..... 


... 








1436 


Crimean 


8.16 

7.n 








2396 


Oalgalos 




. 


1 


1667 


Beloellna 

do 








2239 


do. ....... 


. . .do ...... 












1396-2 


Diehl Mediterra- 
nean. 

EMMEB. 

Black Winter*... 


Medium hard 
red. 








8.05 

8.00 
4.87 


4.83 

2.80 
1.16 




2337 


France — 
Russia.... 


48.21 

10.10 
15.00 

Failure. 

Failure. 


40.00 
12.56 


40.00 
15.53 


29.60 


34 


RTE. 

Ivanov 




10l64 


40 









257 


BAELET. 

; Tennessee Winter 

SPELT. 

Red Winter 
















1772 




























1 1 



> Tried as a winter durum. The seed was not pure and the common wheat in the mixture soon crowded 
out the durum. The latter gradually winterkilled until in 1910 there was none left in the crop. 

* Average of two plats. 

* Figured at 25 pounds per bushel. 

The largest yields of wheat in these tests were produced by varieties 
of the hard red or Turkey type. Tiu^key, Kharkof , and Theiss were 
among those which gave the best results. As noted in the table, the 
Kubanka (C. I. No. 2246), which is reported as giving the highest 
yield, was mixed with other varieties in the earlier years of the exper- 
iment, while the plat grown under this name contained none of this 
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variety in 1909 and 1910. Black Winter emmer (C. I. No. 2337) 
averaged 29.6 bushels (about 740 pounds) for the five years, while 
Ivanov rye yielded 10.64 bushels (about 600 pounds) for the same 
period. 



The Panhandle of Texas was for many years occupied by gieat 
cattle ranches which in recent years have been offered for sale as 
farm lands. The need of the new settlers on such lands for informa- 
tion as to adapted crops and cropping methods has been and still 
remains very great. 

Experiments designed to supply the needed information were begun 
by the Office of Cereal Investigations in 1903 and have been con- 
ducted without interruption since that date, first at Channing and 
then at Amarillo, Tex. Minor experiments have been conducted 
cooperatively with other offices of this bureau at ChUlicothe and 
Dalhart, Tex. 

The Panhandle includes about 47 counties in northwestern Texas. 
In general, it is a high, dry plain with an elevation of 2,000 to 4,000 
feet. The average annual piecipitation in different parts ranges from 
18 to 23 inches, most of which falls during the summer months. It 
is a region of low humidity, high evaporation, high average wind 
velocity, abundant sunshine, and relatively cool nights. 

The predominant soil type is a clay or clay loam with some sandy 
areas and some heavy clays or adobes. The grass covering on the 
clayey soils consists largely of buffalo grass and blue grama. On the 
sandier soils bluestems (Andropogon spp.) are especially prevalent. 

EXPERIMENTS AT CHANNING, TEX. 

Experiments were conducted at CJhanning, Hartley 0)unty, from 
the autumn of 1903 to the autumn of 1906 in cooperation with the 
Capitol Freehold Land & Investment Co. on their XIT ranch. 
The crop of 1904 was nearly a complete failure, owing to new land 
and a drought lasting until the end of April. Results obtained in 
1905 and 1906 show that hard red winter wheats, black winter 
emmer, and winter rye gave profitable yields. Among spring wheats 
Galgalos and Chul (common) wheats and Kubanka (durum) wheat 
were the best-yielding varieties, but none of them equaled the 
winter varieties. Early oats Uke Burt, Red Rustproof, and Sixty- 
Day gave only fair yields and later varieties still smaller. No spring 
barleys did well. 

The date-of-seeding and rate-of-seeding tests were of too short 
duration to yield conclusive results, as were also the tests of the com- 
parative value of fallowing and continuous cropping. 
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In a test of many varieties of com the average yield of the best 
variety in a thre^year period was less than 40 per cent of the yield 
of milo. 

Milo and kafir proved good yielders of grain^ the three-year aver- 
age yield of milo being 42 bushels of 56 pounds each. 

EXPERIMENTS AT AMARILLO, TEX. 

Experiments were begim at AmariUo in 1905 and transferred to 
the new farm at that place in 1909. Very extensive experimeiits, 
partly cooperative with other offices, have been conducted since the 
latter date. 

Hard red winter wheats of the Turkey group and medium-hard 
sorts of the Mediterranean group have proved best adapted, giving 
yields of 7.5 to 10.5 bushels per acre for the six-year period ended 
in 1911. The best varieties of winter spelt and emmer have yielded 
25 and 19.6 bushels, respectively, in the same period. 

Tennessee Winter barley gave an average yield in the six-year 
period of 10.6 bushels, and the best winter rye 9 bushels, but no varie- 
ties of winter oats have proved sufficiently winter hardy. 

Experiments in dates and rates of seeding of winter wheat show 
that 3 pecks per acre sown between October 15 and 30 gave the best 
average results. Cultural experiments indicate that best results will 
be obtained when the land is plowed at least 6 inches deep from 60 
to 80 days before seeding. When the land can not be prepared until 
nearly seeding time disking has given better results than plowing. 

Spring wheats have been somewhat lower in yield than winter 
wheats. The best varieties were the common wheats, Fretes and 
Galgalos, yielding 9.3 bushels on. the average, and the durum wheats, 
Marouani, Saragolla, and Kubanka, yielding 8.7, 8.6, and 7.9 bushels 
per acre in the order named. 

Experiments indicate that 4 pecks per acre for the common spring 
wheats and 5 pecks per acre for durum wheats are the best average 
rates of seeding, subject to variation with varying weather and soil 
conditions. The best date of seeding varies from the last of Feb- 
ruary to the middle of April, depending on conditions of weather and 
soil moisture. 

The spring oat varieties, Red Algerian and Red Rustproof, have 
yielded 19.8 and 18 busheb, while different strains of Sixty-Day, 
Kherson, and Burt have varied between 13.6 and 17.8 bushels for 
the six years from 1906 to 1911. Results of rate-of-seeding tests 
have been contradictory, indicating that the proper rate is governed 
by weather and soil conditions. However, 5 pecks is probably the 
best rate for average conditions. Early or medium early seeding is 
usually to be recommended. Fall plowing for spring oats has been 
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found most desirable^ and home-grown seed has given better results 
than seed of the same variety brought from a distance. 

Spring barley has not given profitable yields, the best variety being 
the White Hooded, yielding from 5 to 7 bushels in the six-year average. 

Proso (broom-com millet) varieties have produced average yields 
of 10.7 to 13 bushels per acre in tests lasting from four to six years. 

The results in tests of com during the six-year period show it not to 
be adapted to the Panhandle country. The best variety, a June com, 
yielded 11.8 bushels, and only three varieties exceeded 8 bushels per 
acre on an average during that time. Omitting the results of one 
season, a locally grown red dent has yielded slightly better than the 
June com. 

The grain sorghums are the most dependable crops that can be 
grown in the Panhandle. In the five years, 1907 to 1911, inclusive, 
the average yields of all varieties of milo were 23.5 bushels, while all 
varieties of dwarf milo in the last four years of this period yielded 
an average of 27.8 bushels. BlackhuU and Red kafir made an average 
yield of 20 bushels in the six-year period, 1906 to 1911, excluding 1907 
in the case of Red kafir. Varieties of durra and kaoliang also made 
good yields. About 3 pounds per acre is the proper rate of planting 
and the best date in the vicinity of Amarillo is about May 20, varying 
however, with the season. 

Dwarf broom com is suited to the region, but requires judgment 
and experience to make production profitable. It should be grown 
only by farmers who expect to continue growing it for a period* of 
years and who can afford the necessary equipment to handle It prop- 
erly. 

Smuts of cereals are fairly common, but all destmctivc smuts can 
be easily controlled by proper treatment of the seed. 

EXPERIMENTS AT DALHART AND CHILLICOTHE, TEX. 

Grain sorghums such as milo, dwarf milo, and BlackhuU kafir have 
given profitable yields at Dalhart, though not so high as at Amarillo. 

The small grains, both winter and spring varieties, have been so dam- 
aged by winter killing, spring blowing, drought, and hail, as to show 
no profitable yields during the period covered by the experiments. 

Experiments with small grains have been conducted cooperatively 
with the Office of Forage-Crop Investigations at Chillicothe, which is 
situated in Hardeman County, somewhat east of the true Panhandle, 
at an elevation of only 1,500 feet and with an average annual rainfall 
of 23 inches. The results are similar to those obtained at Amarillo, 
the hard winter wheats giving the best yields and proving the most 
profitable small-grain crop. The grain sorghums are important and 
completely adapted crops, milo, dwarf milo, and BlackhuU kafir being 
largely and profitably grown. 
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Office of teob Chief, 

Washington, D. G., June 16, 191S. 

Sm: I have the honor to transmit herewith a paper entitled '^The 
Water Requirement of Plants. I. — ^Investigations in the Great 
Plains in 1910 and 1911/' by Dr. Lyman J. Briggs, Biophysicist in 
Charge of Biophysical Investigations, and Dr. H. L. Shantz, Plant 
Physiologist, Alkdi and Drought Resistant Plant Investigations. This 
paper deals with the amount of water required by different crops for the 
production of a pound of dry matter or of grain and includes compara- 
tive tests of several varieties of the same crop in a number of instances. 
The work has for the most part been conducted at the dry-land experi- 
ment station at Akron, in northeastern Colorado. The results of the 
investigation have a direct bearing upon the selection of crops for use 
in semiarid regions, since, other things being equal, it is evident that 
those varieties which have the lowest water requirement are best 
suited to regions of limited rainfall. 

The writers desire to express their obligation to Mr. E. C. Chilcott, 
Agriculturist in Charge of the OfSce of Dry-Land Agriculture, and to 
Mr. O. J. Grace, superintendent of the A]at>n Experiment Farm, for 
courtesies extended in connection with this investigation; to Mr. E. F. 
Chilcott, now superintendent of the Garden City Experiment Sub- 
station, Kansas, for conducting the tests at Amarillo, Tex., in 1910; 
to Mr. F. L. Kennard, now a member of the Idaho Agricultural 
Experiment Station staff, and to Mr. W. D. Griggs, of the Office of 
Dry-Land Agriculture, for conducting the experiments in 1911 at 
Dalhart, Tex. ; to Prof. A. F. Kidder, of the Louisiana State Univeiv 
sity, and Mr. Homer Martin for efficient assistance in the field and pot 
experiments at Akron, Colo., in 1910; and to Messrs. Homer Martin, 
Alan Peter, and Auguste Boncquet for painstaking assistance in the 
Akron experiments in 1911. 

I have the honor to recommend that this paper be published as 

Bulletin No. 284 of the Bureau series. 

Respectfully, Wm. A. Tatloe, 

Chief of Bureau. 
Hon. D. F. Houston, 

Secretary of Agriculture. 
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THE WATER REQUIREMENT OF PLANTS/ 



L-INVESTIGATIONS IN THE GREAT PLAINS IN 1910 AND 1911. 



INTKODUCnON. 

The term "water requirement" is used in this paper to indicate the 
ratio of the weight of water absorbed by a plant during its growth to 
the weight of dry matter produced. The water requirement of a 
grain-producing field crop may be expressed either in terms of the 
total dry matter produced or on the basis of the grain alone and is 
found by dividing the total weight of the water absorbed during the 
whole period of growth by the total dry weight or by the weight of 
the grain, respectively. The results of earher investigations have 
shown that some of the crop plants differ materially as regards their 
water requirement. The subject thus becomes one of considerable 
economic importance in connection with the agriculture of semiarid 
regions, since the crop or variety which is most economical in the use 
of water, other things being equal, is evidently the one best adapted 
to regions having a limited water supply. 

The water requirement of a given crop, or the transpiration ratio, 
as it is sometimes called, has long been known not to be constant, but 
to be dependent upon and influenced by variations in many environ- 
mental factors, such as the temperature and humidity of the air, the 
velocity of the wind, the intensity of the solar radiation, and the fer- 
tility of the soil. The water requirement of small-grain crops grown 
in a cool, humid region is much lower than that of the same crops 
when grown in a diy region, such as the western part of the Great 
Plains, where they are subjected also to high winds and greater solar 
radiation. 

It has consequently seemed desirable to determine at different 
points in the Great Plains the water requirement of the crop plants 
which have appeared best adapted to these regions. These experi- 
ments have included also the measurement of the water requirement 
of several different varieties of each of the more important crop plants 
under conditions designed to make the results as nearly comparable 

1 The investigations here described ^ere carried on at every stage in cooperation between the Office of 
Biophysical Investigations and the Office of Allcali and Drought Resistant Plant Investigations. The 
names of the authors have been placed alpbabeticaUy on the title-page. 
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8 WATEB REQUIREMENT OF PLANTS. 

as possible, with a view to determining those varieties which are 
most efficient in the use of water.^ 

The writers have also attempted the measm*ement of the water 
requirement of crops growing mxder field conditions. Such measure- 
ments are of practical value in determining the total amoimt of water 
used in the production of the crop. The imcertainty regarding the 
amount of run-oiS and of siurf ace evaporation makes such determina- 
tions rather indefinite so far as the actual water requirement of the 
crop itself is concerned. It seemed very desirable, however, to 
obtain this field check upon the results of the pot experiments, and a 
gratifying agreement between the two series has been obtained. 

DBTEBMINATION OF THE WATEB EEQTJIBEICENT OF CBOPS IK 

POT CXTLTTntES. 

EXPERIMENTAL METHODS. 

The determination of the amount of water used by a crop necessi- 
tates the measurement (1) of the amount of water added to the soU 
during the growth of the crop and (2) of the difference in the water 
content of the soil at the beginning and at the end of the experiment. 
The most accurate way of making the second determination is by 
weighing the whole system. Weighing also furnishes the best method 
of determining whether the soil contains at all times a suitable mois- 
ture supply for the crop. Weighing, however, necessitates the use 
of a pot or soil container of some kind, and this constitutes a departiu*e 
from field conditions. However, in a comparative study of the water 
requirement of different crops, grown as nearly as possible under the 
same conditions, a rational pot culture may fairly be assumed to 
affect the different crops in a nearly uniform way and therefore to 
introduce no serious error in determining the relative water require- 
mmts of the several crops compared. 

PREVENTION OP EVAPORATION. 

Some uncertainty in determining the water requirement always 
results from the evaporation of water directly from the soil surface. 
A check pot without plants, in which the soil surface is freely exposed, 
can not safely be held to represent the loss by evaporation from the 
soil surface of a pot in which plants are growing. This is sufficiently 
demonstrated by considering the difference in the amount of evapo- 
ration from the check pots themselves. (Leather, 1910, p. 141.)' 
The growing plant, according to the character of its foliage and the 

1 A large amount of work by other investigators has already been done in connection with the determina- 
tion of the crater requirement of plants. The researches bearing on this subject, however, do not appear to 
have ever been brought together, and this has led the writers to present the results of different investigations 
in some detail in another poblieatlon (1913, B. P. I. Bui. 285). 

I Bibliographic oltationB In parentheMs In the text of this balletln refer to the "Literature cited/' 
p. 40. 
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WATER REQUIBEMENT OP OBOPS IN POT CULTUBEfi. 9 

distribution of its root system, will also materially modify the surface 
evaporation from the soil. Kiesselbach and Montgomery (1911) 
have found that the loss of water from the soil surface can be min- 
imized by the use of a 3-inch layer of gravel combined with a loosely 
fitting metal cover without interfering with the normal development 
of the corn plant. Lawes (1850) in his pioneer experiments closed 
the top of his pots ynth a tight-fitting cover, save for a small opening 
around the plants. The objection to closing the pots completely has, 
of course, been based upon the fear that the aeration would thereby 
be reduced to such an extent as to interfere with the normal devel- 
opment of the plants. It is evident, however, that the reduction of 
evaporation by the layer of gravel or by the closely fitting cover em- 
ployed by Lawes must reduce the aeration to a corresponding degree, 

since the exit of water and the entrance of air under such conditions 

• 

are both diffusion processes. The writers accordingly determined to 
try the expedient, of eliminating the loss of water due to evaporation 
by using pots with tight-fitting covers provided with openings for 
the plants and sealing the openings around the stems of the plants 
as perfectly as possible with wax. It was believed that sufficient 
aeration would be secured (1) from the air which is drawn into the 
soil to replace the water transpired and subsequently expelled in part 
when more water is added; (2) from the air actually dissolved in 
the water added to the pots; and (3) from the air drawn into the pots 
by the contraction of the air in the interstitial spaces of the soil mass 
due to the daily fluctuations in temperature. 

The results of the experiments have shown that this conclusion was 
justified. The growth was luxuriant and healthy (PI. I), and the 
roots were found at the conclusion of the experiments to have pene- 
trated into every portion of the soil mass. There was no tendency 
on the part of the root system to become massed either about the 
center of the pot, where the moisture was added, or at the walls, 
and there was no odor other than that of well-aerated soil. 

DESCRIPTION OP THE POTS. 

Substantial cans of heavily galvanized corrugated iron have been 
used in our experiments as soil containers for growing the experimental 
plants. (PI. II, figs. 2 and 3.) Cans of one size have been used 
throughout, namely, 16 inches (40 cm.) in diameter and 26 inches 
(66 cm.) high, having a capacity of about 250 pounds (115 kilos) of 
soil. (Fig. 1 .) Cans of this size provide a soil mass fully adequate 
for the normal development of the plants and are capable of being 
readily transported. (PI. II, fig. 3.) The advantages of a large 
container have been noted by Leather (1910, p. 167). Each can is 
fitted with a heavy galvanized-iron cover through which holes are 
pimched, suitable in size and number to accommodate the crop which 

97992^— Bui. 284—13 2 



10 WATBB BEQUIBEMENT OF PLANTS. 

it ia desired to grow. For the small-grain crops, 20 holes one-half 
inch in diameter have been used; for soi^hum and aJfaUa, 8 holes 
1 inch in diameter; and for com and sugar beets, 6 holes 1} inches 
in diameter. In the center of each cover is a hole H inches in 
diameter which is used for watering and which is normally kept 
closed with a stopper. These holes are punched so as to turn the 
edge upward and outward. The joint between the can and cover 
is sealed with a strip of surgeon's adhesive plaster 2 inches wide. 
Each can is .provided with two heavy bale ears for suspending the 
can while weighing; also two folding handles. 

nUJNG THB POTB. 

The soil, containing a sufficient amount of moisture to work well, 
is tamped into the cans. Especial care is taken to have the soil at the 
top of the pots built up above the can and 
well compacted, so as to be in firm contact 
with the cover. Otherwise a settling of the 
soil will subsequently occur and break the 
wax seals around the stems of the plants. 
Before applying the cover, an excavation is 
made in the center of the soil in the can, into 
which a 5-inch unglazed flowerpot is in- 
serted at such a height that the top of the 
pot will be m contact with the cover when 
the latter is in place. (Fig. 1.) The soil 
immediately around the lower part of the 
flowerpot is replaced by fine gravel. This 
arrangement provides additional surface for 
the absorption of water, so that the cans 
usually take water readily, thus greatly facili- 
tating the process of watering. A vertical 
section of the can showing the unglazed pot in position surrounded 
by gravel is shown in figure 1 . 



The seeds, after having been kept between moist blotters until 
germination has started, are planted through the openings in the 
cover of the pot, moist soil being packed lightly over the seed to the 
level of the cover. The exposed soil surface is then protected from 
evaporation by a thin layer of wax, which can be quickly applied in 
a melted condition with a brush. The wax wliich we have found 
most satisfactory for this work consists of a mixture of 8 parts of pure 
beeswax and 2 parts of tallow. Most plants will readily push through 
this wax. After the plants have become established, the wax seal 
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can be thickened. This method of preventmg evaporatioii and 
excludii^ rain has proved satiafactoiy and is especially useful in the 
case of the small grains. (Bn^;s and ^autz, 1912.) 

Surgeon's adhesive piaster has also been used for closing the open- 
mg around the stem of the plimt. After the seeds are planted, the 
top of the pot is covered with soil until the plants have appeared 
through the openings. The loose soil is then removed and a small 
square of adhesive plaster, cut through to the center from one side, 
is slipped around the seedling, and pressed into firm contact with the 
cover. The adhesive tape does not accommodate itself to the growth 
of the plants as well as the wax and is not as satisfactory in prevent- 
ing the entrance of rain water. The seals of either material need 
occasional attention to keep them in good condition. 

METHOD or WATBBINO. 

Water was added by means of 2-liter flasks, the necks of which were 
cut so as to deliver 2 liters when brimful. Tbb form of flask could be 
filled quickly and accurately by immersion 
without further adjustment. The filled flask 
was inverted in a funnel placed in the opening 
in the center of the cover. This arrangement 
acted virtually aa a Mariotte system, keeping 
the water at constant level in the receiving 
flowerpot until the flask was emptied. (See 
fig. 2.) When not watering, the hole in the 
lid was closed with a long cork stopper. The 
quantity of water added at one time was 
always 2 liters of a multiple thereof. This 
method of procedure, combined with the no. 3.-8kauita ■howuw tm 
weighings made every second day, formed a ^ t^ ^tf" *"''°"™*"' 
valuable check upon the amount of water 
added, since it was always possible to determine from the weighings 
of a series of pots whether water had been added to any particular 
pot and the approximate quantity. Otherwise some uncertainty 
will occasionally arise regarding the amount of water added to a 
particular pot when 600 liters or more are being added to the whole 
series daily. 

The water used was pumped from a deep well and carried some 
lime. 

WEIOHtNO THE POTS. 

The daily weighings were made upon a spring balance with a 1 2-inch 
dial having a capacity of 150 kilograms and readable to 0.1 kilogram. 
At Akron in 1911 thisbalance was checked frequently with a platform 
balance with agate beam bearings and having a sensibility of 5 grams, 
and in 1910 daily with a check pot which contained no plants and was 
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completely sealed. Spring balances have a rather large temperature 
coefficient, which does not affect the results of this work, howeyer, 
except in the initial and jSnal weighings. Here the temperature 
correction, which may amount to seyeral tenths of a kilogram with a 
load of 100 kilos, must be known or the balance must be checked 
frequently with a standard weight. The latter plan has been followed 
in our work. 

For convenience in weighing, a steel track was installed in 1911 
directly over each row, being fastened to the roof timbers of the 
inclosure. This track supported a small trolley, which in turn carried 
the lifting device and the balance. A small differential block was at 
first used to lift the pots. But the passage of the chain over the 
blocks caused the balance to vibrate badly while the pot was being 
lifted, so a double block and rope tackle was later substituted, one 
person holding the can suspended while a second recorded the weight. 
(PI. II, fig. 2.) In this way the pots could be weighed at the rate of 
about one a minute. 

CROPPING AND DRTDTG. 

The plants growing in the pots were harvested at the stage when 
similar crops are harvested in the field. Orain crops were ripe and 
alfalfa and sweet clover were in flower. The plants were cut even with 
the soil surface, except that alfalfa and sweet-clover plants were cut 
in such a way as to leave the crown imin jured, and were placed in sacks 
of known weight. The green weight was taken and the cropping 
allowed to become air dry. It was then placed in a steam drying oven 
and maintained at a temperature of 110° C. until reduced to constant 
weight. The total dry weight, the weight of the sack, and the weight 
of grain were then determined. 

THE SCREENED INCLOSURE. 

To protect the plants from birds and possible hailstorms, it has 
been necessary to conduct the pot experiments in a screened inclosure. 
The inclosure at Akron in 1911 (PI. II, fig. 1) was 36 by 40 feet and 
accommodated 200 pots, arranged in five double rows running east 
and west, with walks between. The framework was constructed of 
2 by 4 inch studding, with a flat roof 10 feet above the ground. The 
roof timbers were spaced at intervals of 3 feet, to which the ^-inch 
galvanized network was tacked. The walls of the inclosure to a 
height of 3 feet consisted of tight boards. To break the force of the 
wind during storms, a strip of thin cheesecloth 3 feet wide was placed 
over the netting immediately above the board base. A strip of 2-inch 
mesh wire netting was placed over the cheesecloth, so that it was 
supported by netting on both sides. This thin cloth screen did not 
appear to interfere with the ventilation of the inclosure, the plants 
moving in the lightest breeze, but it served effectually to break the 
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force of high winds. This protection would not introduce any serious 
error in the determination of the water requirement, since an increase 
in the wind velocity above a moderate breeze has only a slight 
influence on the transpiration of a freely exposed plant. (Brown, 
1910.) 

BFFBCT or THS 8HBLTKR ON THE WATSR RBQUIRBMENT. 

The plants grown in the inclosure were shaded to some extent by 
the network. This amounted to a reduction of about 26 per cent in 
the direct radiation from the sun at 10.30 a. m., based upon measure- 
ments with a silver disk pyrheliometer inside and outside the inclos- 
ure. Nearly half of the radiation thus cut off directly would, how- 
ever, enter the inclosure indirectly by reflection and radiation from 
the screen, and the same would apply to the radiation from the sky. 
In addition to the effect of the screen, some shading resulted from the 
framework. An idea of this can be gained from Plate II, figure 2. 
The reduction in radiation, while so small as probably to have no 
effect on assimilation, would tend to reduce the water requirement 
of the plants in the inclosure compared with plants grown outside, 
since the inside plants were not required to dissipate so large an 
amount of solar radiation. 

To test experimentally the effect of the inclosure, 12 standard pots 
of one of the tumbleweeds, Amaraidhus graecizans, were grown from 
August 5 to September 15, 6 pots being placed inside the inclosure, 
while the others were left outside in a freely exposed position. The 
mean water requirement of each series (p. 33) was. as follows: 

Infiide the inclosure 277=1:4 

Outside the inclosure 275^=7 

These results would indicate that the effect of the slight shade 
and protection of the inclosure had no influence on the water require- 
ment of this plant, the difference in the two series being less than the 
probable errors of observation. The difference in the radiation 
intensity inside and outside the inclosure can not, however, be 
regarded as without effect upon the transpiration of more succu- 
lent plants. Later experiments with wheat and alfalfa have shown 
that the use of a screen similar to that of the inclosure reduces the 
water requirement measurably. The absolute value of the water 
requirement obtained in the inclosure is, therefore, probably some- 
what below that of an isolated plant growing in a freely exposed 
position. Under field conditions, however, the plants grow in close 
proximity and shade one another to some extent. The conditions in 
the inclosure therefore appear to approximate field conditions more 
closely than if the plants were grown in the open. The determi- 
nation of the relative water requirement of the different crop plants ^ 
is, however, the main problem from an economic standpoint. Aside 
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from a possible differential eflFect when widely separated genera are 
usedy which is suggested by the results obtained with AmaraTUhus 
graedzanSy it does not appear that the relative water requirement of 
the different plants would be measurably affected by the slight shad- 
ing due to the indosure. 

COMPUTATION OF THE WATXR REQUIRBMSNT. 

Each pot is weighed (with an error of not more than 100 grams at 
most) soon after the seeds are planted and again immediately after 
the crop is harvested. The initial minus the final weighing when 
added algebraically to the water supplied, expressed in the same units, 
gives the total weight of water absorbed by the plant. This method 
of calculation gives a water consumption that is too high by an amount 
equal to the dry weight of the tops and too low by an amount equal 
to the green weight of the roots — errors which offset each other in 
part. 

Each water-requirement determination in our experiments is based 
upon measurements carried on simultaneously in six pots. The water 
requirement of the plants in each pot is determined separately and 
the mean of the six determinations taken to represent the water 
requirement of the plant under investigation. This procedure also 
affords a basis for computing the probable error of the mean water 
requirement.^ 

WATER RBQUIREMENT OF WHEAT AND SORGHUM IN COLORADO AND 

TEXAS, 1910.' 

The results of the water-requirement measurements of wheat and 
sorghum in 1910 at Akron, in northeastern Colorado, and at Ama- 
rillo, near the center of the Panhandle of Texas, including data for 
the individual pots, are given in Table I. In this series of experi- 
ments the water was not applied at the top of the pot, as already 
described, but was led through a smaU pipe to a gravel layer in the 
bottom of the pot. This method was not found satisfactory* The 

> To those anaocastomed to thinking In terms of "probable error'' it may be said that the probable error 
MTves as a measure of the extent of the agreement among tbe indiyftdoal observations. The more neariy 
the individoai observations agree, the smaller is the probable error. If the experiments had been oon- 
dncted with 12 cans instead of 6, and if both sets were representative, the chances are even that the mean 
of the second lot (mt) would have agreed with tbe mean of the firrt lot (mi) wtthJn tbe limits of the probable 
error(±a)of thelatter; or, algebraically, that mt+a>mt>mi— a. The chances are4.5 toltbatthemeanof 
the second set will agree with the first within limits equal to twice the probable error, i. e., 4^ to 1 that 
mi-f 2a>m>mi— 2a, and similarly, 31 to 1 that mi-|-aa>mi>mi--3a. 

The probable error of the difference of two means, each affected with a probable error, is equal to the 
square root of the sum of the squares of the two probable errors. If the difference of the two means is no 
greater than its probable error, the chances sfe eveo that the diflereDoe is fictitious. If the difference of 
the means is twice its probable error, the chances are 4.5 to 1 that a measurable difference exists between 
the two series; and, similarly, if the difference Is equal to three times its probable error the chances are 
SI to 1 that theseries are measurably different. This last is often taken as the oriterion of an actual difference 
in two series. 

I The writers are indebted to Mr. E. F. Chilcott for conducting the tests at AmarlUo, Tex., in 1910, and 
o Prof. A. F. Kidder and Hr. Homer Martin for asstatance at Akron, Colo., during the same year. 
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upward capillary movement; particularly in the case of the Akron 
soil; was so slow that it was impossible to maintain the upper part of 
the soil mass at a suitable moisture content without getting the lower 
part too wet. This virtually decreased the soil mass and may be 
responsible in part for the higher water requirement obtained in 1910 
as compared with 1911. The soil used at Akron in 1910 was not as 
productive as that used in the 1911 experiments; and this may also 
have increased the water requirement. 

Table I. — Water requirement of wheat and sorghum. 

Akron, Colo., 1910. 



Plant and period of growth. 


Pot 
No. 


Dry 

matter. 


Oraln. 


Water. 


Grain. 


Water requirement 
baaed on— 


Grain. 


Dry matter. 




r 1 

2 
3 

4 
6 
6 


Orams, 
29.2 
63.6 
46.1 
26.86 
23.4 
26.6 


Oramt. 


Kilos. 
21.38 
36.66 
22.90 
30.68 
13.14 
17.97 


Percent. 




783 










686 


Kabank&whest.0. 1. 1440 ( Tritf- 
cum durum), Apr. 18 to Aug. 2. 








506 








770 








586 










706 












Mntn 


664^:30 




r ^ 

26 
27 
28 
29 
30 


112.9 
126.0 
153.7 
180.6 
164.8 
234.6 




43.1 

46.3 
62.0 
57.4 
68.6 
75.0 










373 










367 


Red Amber sorghum, S. P. I. 








403 


17648 {Andropogon torghum), 
]fiaT26to flrot- ^R. 








318 










356 
330 












Mean 


366±9 



















Amabillo, Tsx., 1910. 



Kubanka wheat.0. 1. 1440 ( Tritir 
cum durum) , Apr. 6 to July 19. 


r 1 
2 
3 

4 
5 
6 


93.6 
73.3 

102.7 
81.9 
92.4 

114.3 


21.1 
15.4 
23.2 
18.8 
21.4 
31.6 


83.3 

68.2 
87.1 
64.8 
80.1 
90.4 


23 
21 
28 
23 
33 
38 


3.940 
4,430 
3,750 
3,440 
3,740 
2,870 


890 
930 
848 
791 
868 
790 


Vflm 


3,606±140 


853±16 




{ 7 

8 

9 

10 

11 

12 


334.9 
302.0 
326.2 
350.4 
336.6 
340.3 


81.0 
57.1 
72.8 
43.1 
78.2 
67.6 


114.1 
108.1 
120.3 
126.6 
121.9 
126.3 


24 
19 
22 
12 
28 
20 




Red Amber sorghum, 8. P. I. 
17648 {Andropogmn Mfghum)^ 
May 10 to Aug. 28 


1,419 
1.894 
1.663 
2.938 
1,668 
1,879 


341 

358 
369 
362 




363 

371 


yimn , 


1,890^130 


359 ±3 

















Summary of Results in 1910. 





Crop.. 


Location. 


Mean water require- 
ment baaed on— 




Grain. 


Dry matter. 


Wheat 


/Amarillo, Tex 


3,695^:140 


863+16 
664±30 
360± S 
366± 9 


Sorghum 


1 A icron. Colo 

/Amarillo, Tex 


'i]m±m 




\Akron, Colo 
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It will be noted that the water requirement of wheat based on the 
dry matter produced was about 28 per cent higher at Amarillo than 
at Akron^ while that of the sorghum was the same in both cases. 
The yield of grain was poor in each case, and no weight is to be 
attached to the water requirement of the grain. The variety of 
sorghum used is grown for forage only. 

WATEB BBQUIBBICBNT OF WHBAT AND 80B0HXTM IN TBXAS, 1911.* 

The water-requirement measurements at Dalhart, Tex., in 1911 
were confined to two crops, wheat and sorghum. This station is 
located in the extreme northwestern part of the Panhandle of Texas, 
and has an elevation of about 4,000 feet and an annual rainfall of 
about 16 inches. Sorghum is one of the best crops of this region, 
while wheat is uncertain. Six standard pots of each crop were grown 
in a screened inclosure of the same type as that used at Akron in 191 1 , 
but smaller. This was placed in a freely exposed position, so that the 
crops were subjected to the strong winds of that region. The pots 
were placed in two rows running east and west, the soi^ghum being 
placed on the north side to avoid shading the wheat. The period of 
growth was chosen to conform as nearly as possible to that of the 
same crops in the field. A summary of the results is given in Table 
II. The water requirement of the wheat based on dry matter was 
673 ±17. The water requirement based on grain was 3,830. Compar- 
ing these results with similar measurements made at Akron, Colo., 
the same year (p. 17), it will be seen that the wheat grown at Dalhart 
required 43 per cent more water than at Akron for the production of 
the same amount of dry matter and 230 per cent more water for the 
production of the same amount of grain. This discrepancy in the 
ratios, combined with the low grain yield in the pots at Dalhart, leads 
the writers to question the water-requirement ratio obtained for 
grain at this station. 

The water requirement for Red Amber sorghum at Dalhart in 1911 
was 313 ± 10 when based on dry matter and 1,092 ± 47 when based on 
grain. This is only 5 per cent higher than the water requirement for 
this variety at Akron during the same year (p. 27), while the water 
requirement based on grain is 27 per cent less than at Akron. It 
should be stated in this connection that Red Amber soi^hum is a 
variety grown for forage rather than for seed. 

I The writers are indebted to Mr. F. L. Kennard and Mr. W. D. Qriggs for conducting the tests at Dalharty 
Tex., in IQU. 
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Table II. — Water requirement of wheat and sorgkum at Dalketrt, Tex., in 1911, 



Crop. 



Pot 
No. 



Dry 

matter. 



Orain. 



Wattor. 



Onin. 



Water reouiremant 
based on— 



Oialn. 



I>r7ifuitier. 



Kubanka wheat, O. I. 1440 
(TrUiaim dumm). Apr. 26 to 
Jnly 18 



1 
2 
3 

4 

5 
6 



Qram». 
48.4 

49.4 
48.7 
43.9 
41.8 
42.5 



QravM. 
8.4 
11.1 
8.5 
8.2 
6.3 
6.3 



KUm, 
20.9 
31.0 
31.4 
29.6 
31.8 
27.2 



Per cent. 
17 
22 
19 
19 
15 
15 



3,560 
2,790 
3,690 
3,610 
5,020 
4,320 



618 
626 
719 
674 
761 
640 



Mean. 



3,830±200 



673±17 



Red Amber sorghum {Andro- 
m sorghurn), May 14 to 
)t.l2 



7 

8 

9 

10 

11 

12 



285.8 
274.2 
280.9 
243.9 
2W.9 
241.3 



88,7 
72.7 
80.5 
67.2 
90.9 
68.1 



81.0 
81.4 
84.2 
88.1 
85.6 
83.3 



31 
27 
28 
28 
32 
28 



913 
1,119 
1,045 
1,310 

942 
1,222 



283 



291 
861 
298 



Mean. 



I,002±47 



313±10 



WATER-REQUIBBMSNT MlfiASTmSMENTS IN COLORADO, 1911.^ 

Akron, Colo., where most of the water-requirement measure- 
ments described in this bulletin have been made, is a point in north- 
eastern Colorado about 100 miles east of Driver. It is an open, 
treeless, rolling plains country. Dry farming has receiyed considera- 
ble attention, but most of the land is still covered with the native 
short grass. (Shantz, 1911.) The annual rainfall is about 18 inches, 
three-fourths of which falls during six months, April to September. 
The humidity is normally low, and the hot summer days are followed 
by cool nights. The sky is seldom perfectly clear and sunshine is 
frequently foDowed quickly by cloud. The storms are often ex- 
tremely local in character and many times are attended with high 
winds and occasionally with hail. As Akron is located in the center 
of the Great Plains, from east to west as well as from north to south, 
the measurements serve also to represent roughly the water require- 
ment of crops for the Great Plains as a whole. 

WATER REQUIREMENT OF DIFFERENT VARIETIES OF WHEAT. 

Five varieties of wheat, including one of emmer, were tested as 
regards their water requirements at Akron, Colo., in 1911. The 
series included one variety of TrUicum durum j the Kubanka; three 
varieties of* Tritiemn aesiivum, Marvel Bluestem (PI. Ill, fig. 1), 
Galgalos (PI. IV), and Spring Ghirka; and one variety of TrUiefim 
dicoceum, or emmer. The Kubanka series consisted of 17 pots, 6 
of which were fertilized. The unfertilized pots were distributed 
at the two ends of the inclosure, Nos. 1 to 6, inclusive, being at 

■!■ ...Ill . ..I.., , Ml .■.t»...ll t ■■. 11 ..^.— ..i.»J 

I The writers nre Indebted to Messrs. Auguste Boncquet, Alan Peter, and Homer Martin for assistance in 
the Akron, Colo., exjMriments in 1911. 

97992<»— Bul. 284—13 3 



18 WATER REQUiBEMENT OF PLANTS. 

the 'south end and the remainder at the north end. Referring to 
Table III it will be seen that the mean water requirement of the 
unfertilized Kubanka wheat for the 11 pots was 468 ±8, while the 
water requirement of the grain alone was 1,1 96 ±15. The pots of 
Kubanka wheat located at the north end of the inclosure appear to 
have a slightly higher water requirement. This part of the inclosure 
was occupied by the corn and sorghums, and since these latter plants 
did not reach any considerable development until the wheat was 
practically ripe the wheat plants in the north end of the inclosure 
were severely exposed to the winds during practically the whole 
period of growth. While the wind moved freely through the shelter 
at all times, the other plants were not whipped as were these isolated 
plants. 

Six pots of Kubanka wheat, Nos. 7 to 12,' inclusive, were fertilized, 
20 grams of potassiiun nitrate and 20 grams of sodium acid phosphate 
being added to each pot. Tliis amount of fertilizer was divided into 
five parts and each part was dissolved in a liter of water and added 
to the pots at intervals, additional water being added after the fer- 
tilizer. The water requirement of the fertilized Kubanka wheat was 
422 ±6, while that of the grain alone was 1,184 ±36. It thus appears 
that the use of fertilizer reduced the water requirement only slightly, 
so far as the total dry matter is concerned, the difference between the 
fertilized and unfertilized pots being about three times the probable 
error. In the case of the grain, the addition of fertilizer appeared to 
have no effect upon the water requirement. As we have already 
stated, the soil used in the experiments of 1911 was a rich, dark loam 
selected with the belief that no additional fertilizer would be required 
to give a minimum water requirement and the results indicate that 
sufficient plant food was available. 

The other wheat varieties tested all gave a higher water require- 
ment than Kubanka, the values obtained based upon the total dry 
matter being as follows: 

Kubanka 468± 8 

GalgaloB 496± 4 

Spring Ghirka 506± 3 

Marvel Bluestem 531± 5 

Emmer 534±14 

The grain requirement is in the same order as the diy-matter 
requirement except in the case of emmer, which gave a grain require- 
ment practically identical with Kubanka wheat. In this connection 
it should be remembered that the ''grain'' of enmier includes the 
entire spikelet. The glumes or chaff constitute about 21 per cent of 
the weight of the harvested grain. Consequently th« water require- 
ment for the production of the true grain is 1 ,490. This value is now 
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comparable with the grain, yields of the wheat varieties. The water 
requirement of the different varieties is then as follows: 

Emmer (including glumes) 1, 180±42 

Kubanka 1, 191± 14 

Galgaloe 1, 245±13 

Spring Ghirka 1, 382±43 

Emmer (without glumes) 1, 490±53 

Marvel Bluestem 1, 786±60 

The above summary shows emmer to have a water requirement for 
grain production higher than any other wheat with the exception of 
the Marvel Bluestem. 

It is of special interest to note that Marvel Bluestem, a variety 
grown extensively in humid regions, gave a higher water requirement, 
both for dry matter and for grain, than any of the other varieties of 
wheat tested, requiring 13 per cent more water than Kubanka wheat 
to produce an equal amount of dry matter, and nearly 50 per cent 
more to produce an equal amount of grain. 

Table III. — Water requirement of different varieties of wheat at AkroUy Colo., in 1911, 



\ 




vx.. 








Water requirement 
based on— 


Plant and period of growth. 


Pot 
No. 


Dry 

matter. 


Grain. 


Water. 


Grain. 














Grain. 


Dry matter. 


1 




Gramt, 


Qrumt. 


Kilot. 


Per cent. 






• 


f 1 


110.6 


43.9 


49.5 


40 


1,128 


448 


1 


2 


120.1 


48.4 


61.6 


40 


1,272 


513 


1 


3 


87.4 


33.1 


39.9 


38 


1,205 


466 


t 


4 


104.1 


40.0 


44.75 


38 


1,119 


430 


Kulxuika, 0. 1. 1440 ( Trmeum 
dwum) , May 13 to Aug. 2 


199 


113.4 
73.9 
84.8 


45.6 
25.8 
35.6 


50.9 
29.4 
40.5 


40 
35 
42 


1,116 
1,139 
1,138 


449 
398 
477 




200 


75.0 


30.5 


37.2 


41 


1,219 


496 




202 


90.6 


36.1 


47.3 


40 


1,310 


523 




203 


65.2 


25.1 


30.55 


39 


1,217 


460 




I 204 


110.6 


43.8 


54.45 


40 


1,243 


492 


Hean 


1,191±14 


468d:8 




f 7 


92.6 


32.7 


36.45 


36 






1,114 


394 


EutMUBka, G. 1. 1440 ( Tritkum 
iwrum), May 13 to Aug. 2 
(f«rtiliMd) ._.. 


8 

9 

10 

11 


128.9 

79.7 

110.0 

114.8 


45.2 
24.7 
41.8 
44.0 


67.2 

34.4 
44.1 
50.15 


36 
31 
38 
38 


1,265 
1,392 
1,055 
1,139 


444 




437 




( 12 


89.3 


33.1 


87.8 


37 


1,142 


423 


Mean 


1,184±36 


422^6 




r 13 


121.3 


30.7 


68.6 


25 




• 


2,233 


665 


Marvel Bluestem, G. I. 3062 


14 


120.4 


38.0 


61.95 


32 


1,630 


514 


( Tritkum oetUvum), May 13 
to Aug. 7 


15 
16 
17 


132.6 
127.0 
121.4 


39.4 
38.7 
37.6 


71.4 
67.1 
64.1 


30 
31 
31 


l,ftll 
1,734 
1,704 


538 
528 




528 




I 18 


110.2 


44.7 


71.6 


32 


1,602 


510 


Mean 


1,786±60 


531±5 




r i<» 


109.5 


43.9 


54.65 


40 






1,244 


499 




20 


119.6 


45.1 


60.7 


38 


1,345 


507 


Oalgalos, G. I. 2399 ( Tritieum 


21 


104.6 


42.2 


52.65 


40 


1,247 


504 


ae$tivum) , May 13 to Aug. 1 . . . 


22 


121.2 


49.3 


58.7 


41 


1,190 


484 




23 


106 2 


43.3 


52.0 


40 


1,200 


480 




I 24 


11&4 


47.0 


58.5 


40 


1,244 


502 


Mean 


1,245±13 


tt6:^4 
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Table III. — Water requirement of different vanetiei of wheat at Ahran, Ooh., in 

i9/i— Ck>ntmaed. 



Plant and period of growth. 


Pot 

No. 


Dry 
matter. 


Oraln. 


Water. 


Grain. 


Water requirement 
baaed o»- 




Grain. 


Drymattff. 


BprfneOhfrka, 0. 1. 1517 ( 7VUf> 
cum ae$tivum)f May 13 to 
Aug. 4. 


f 25 
26 
27 
28 
20 
30 


Qrami. 
113.2 
125.5 
120.2 
120.7 
100.1 
110.6 


Onnu. 
30.5 
44.8 
38.2 
44.6 
30.2 
53.2 


KOot. 
56.0 
63.1 
63.2 
61.2 
54.6 
66.7 


Pereeni, 
36 
36 
32 
37 
36 
46 


1,416 
1,408 
1,654 
1,376 
1,393 
1,047 


404 

036 

607 




500 

604 


Mean 


1,382±43 


500±8 




r 70 
80 
81 
82 
83 

I 84 


111.1 
120.4 
120.5 
87.4 
103L4 
121.2 


50.0 
67.0 
62.1 
30.5 
46.0 
54.0 


62.3 
50.8 
71.8 
45.4 
67.7 
68.2 


46 
48 
43 
45 
45 
46 




1 
Emmor, 0. I. 2051 (Triticum 
dieooeum), May 13 to Aug. 4. . . 


1,027 
1,032 
1,378 
1,140 
1,254 
1,243 


471 
407 
606 
610 
568 
668 


Mean 


1,180^43 


6Md:M 

















WATER REQUIREMENT OF DIFFERENT VARIETIES OF OATS. 

The experiments with oats at Akron, Colo., in 1911 included four 
varieties, namely, Sixty-Day, Canadian, Burt, and Swedish Select. 
(Table III and PI. Ill, fig. 2.) 

A sunmiary of the water requirements of the different varieties of 
oats, based on dry matter, is here given : 

Canadian 598d:14 

Sixty-Day 605± 5 

Swedish Select 616± 7 

Burt 639± 7 

Very little difference is shown by the different varieties in their 
water requirement when based on the production of dry matter; in 
fact, the difference betw^een the Canadian and the Burt is letSB than 
three times the probable error. In the case of the Sixty-Day and the 
Burt the difference is four times the probable error, indicating a small 
but real difference in the water requirement of these varieties. This 
is of especial interest when we consider the growth habits of the differ- 
ent varieties. The luxuriant broad-leaved Canadian, a plant which 
seems ill adapted to a dry country, has apparently th§ lowest water 
requirement, while the least leafy plant, the Burt, has the highest. 
However, the small-growing Sixty-Day and Burt varieties are far 
more economical than the Canadian in the use of water when the 
grain yield is considered. This is shown in the following summary of 
the water requirement of the different varieties based on grain pro- 
duction : 

Sixty-Day 1,383±30 

Burt 1, 500±57 

Swedish Select 1, 632±36 

Canadian 2,204±140 
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Swedish Select is intennediate both in habit of growth and in its 
water requirement based upon either dry matter or grain. As com- 
pared with Kubanka wheat, the oat plants appear to require about 30 
per cent more water for the production of an equal amount of dry 
matter and even the best varietias of oats require 15 per cent more 
water than Kubanka wheat for an equal production of grain. 

Table IV. — Water rtquirement of different varieties of oats at Ahrouy Colo., in 1911. 















Water requirement 














haaed 


on- 


Plant and period of growth. 


Pot 
No. 


Dry 

n^atter. 


Grain. 


Water. 


Grain. 














Grain. 


Dry matter. 






Orams. 


Grtmt. 


JOfot. 


Per cent. 








r 31 


124.1 


52.9 


75.7 


43 


1,431 


610 




32 


117.1 


63,7 


71.0 


46 


1,321 


606 


Sixty-Day, O. I. 166 {Avma 
Mtiw), Hay 13 to Aug. 2 


33 


38.3 


15.2 


22.0 


40 


1,447 


574 


34 


119.3 


53.6 


71.4 


45 


1,332 


598 




35 


124.5 


61.7 


78.0 


42 


1.509 


626 




( 36 


138.0 


67.0 


84.55 


49 


1,202 


613 


Hean 


l,383i:30 


<iOS±5 




f 37 


46.6 


, 8.2 


25.7 


18 






3,134 


553 




38 


125.0 


30.0 


79.1 


31 


2.028 


633 


Canadian, G. I. 444 {Avem tati- 


39 


135.2 


46.2 


81.3 


34 


1,759 


601 


w), May 13 1« Aag. 12 


40 


112.7 


32.4 


60.4 


39 


1.864 


536 




41 


125.8 


41.6 


84.8 


33 


2.038 


674 


• 


I 42 


110.6 


27.3 


65.5 


25 


2,400 


508 


Mmn 


2,204i:143 


606±14 




f ^ 


137.6 


53.5 


90.9 


39 






1,608 


660 




44 


141.8 


53.7 


89.6 


38 


1.668 


632 


Burt, 0. I. 293 (Avena mOha), 


45 


160.8 


75.2 


106.0 


47 


1,422 


665 


May 13 to Aug. 12 


46 


124.8 


54.1 


77.8 


43 


1,438 


623 




47 


143.6 


73.3 


87.0 


51 


1.187 


606 




I 48 


148.9 


61.2 


97.1 


41 


1,586 


648 


Mean 


1.500±57 


639i:7 




r 49 


174.2 


76.0 


108.7 


44 






1,430 


624 




50 


181.2 


67.7 


100.3 


37 


1.615 


603 


Swedish Select, 0. 1. 134 (Avena 


51 


150.2 


53.4 


96.9 


36 


1,851 


658 


Mtiva), May 13 to Aug. 7 


52 


172.0 


62.4 


103.3 


36 


1.660 


601 




53 


168.0 


62.3 


103.4 


37 


1.661 


616 




I 54 


196.7 


73.3 


115.4 


37 


1,575 


587 


Mean 


1.632±36 


615±7 



















WATER REQUIREMENT OF DIFFERENT VARIETIES OF BARLEY. 

Four barleys, including three varieties of Hordeum vuLgare, the Beldi 
(PI. Ill, fig. 3), White Hull-less, and Beardless, and one variety of 
Hordeum distichon, the Hannchen (PI. V), were included in the experi- 
ments at Akron, Colo., in 1911 (Table V). The results of the water 
requirement determinations with varieties of barley, based upon 
the dry matter produced, are as follows: 

Hannchen 527±8 

White Hull-less 542±3 

Beldi 543±2 

Beardless , 544i:9 

»4 



22 WATER REQUIBEMENT OF PLANTS. 

Like the oats, the several varieties of bariey tested showed practi- 
cally no diflFerence in the water requirement when based on dry 
matter, the agreement being even more striking. Thus, in the case 
of the three varieties of Hordeum wlgare the water requirement is 
543 ±2, 542 ±3, and 544 ±9. The other species, Hordeum disHchoUj 
is slightly lower, namely, 527 ±8, but no weight can be attached to 
so slight a difference when the probable errors are considered. 

When the water requirement is based upon the grain produced, 
three of the varieties are again in practical agreement. The White 
Hull-less is, however, a little higher than the others, and this hull- 
less character should be considered in comparing the water require- 
ments. If the hulls are removed from the grain of the Beldi the 
water requirement is increased from 1,165 to 1,220, which is still 
much lower than the water requirement for the huU-less barley. 
The increase due to removing the hulls is even less in the case of 
Hannchen barley. It is evident, therefore, that the higher water 
requirement for grain production by hull-less barley is only partly 
due to the naked grain and that for the production of an equal 
amount of true grain the other varieties considered require somewhat 
less water. A summary of the water requirement of the different 
varieties of barley tested, when calculated upon the basis of grain 
produced, is given below: 

Hannchen 1, 134±27 

Beldi 1,155±18 

Beardlees 1, 210±38 

Beldi (hulled) : 1, 220±19 

White Hull-less 1,475±40 

Here, again, a great difference exists in the habits of the plants, 
the Beldi being a dwarf variety with a stem so short as to make 
harvesting difficult, while the other varieties have a more luxuriant 
habit of growth, with numerous lai^e well-developed leaves. Prom 
the results of these experiments barley appears to require about 15 
•per cent more water than Kubanka wheat for an equal amount of 
dry matter, being nearly midway between the oat plant and Kubanka 
wheat in its water requirement. In the production of grain the best 
varieties of barley require only about 5 per cent less water than does 
Kubanka wheat. 
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Table V. — Water requirement of different varieties of barley at Akron y Colo., in 1911, 



Plant and period of growth. 


Pot 
No. 


Dry 
matter. 

• 


Grain. 

Oranu. 
45.1 
66.2 
59.3 
64.1 
74.6 
73.6 


Water. 


Grain. 


Water requirement 
based on— ^ 




Grain. 


Dry matter. 


Hanncben. G. I. 531 (Hordeum 
distkhon), May 13 to Aug. 12. 


55 

56 
67 
68 
69 
60 


Oranu. 
102.0 
149.8 
135.8 
146.0 
142.1 
142.3 


KUo9. 
54.6 
71.3 
72.6 
76.7 
74.6 
82.0 


Per cent. 
44 
44 
44 
44 
62 
62 


1,210 
1,077 
1,222 
1,181 
1,000 
1,114 


536 
476 
634 
618 
525 
576 


Mean 


1,134±27 


527±8 




f 01 
62 

63 

64 

65 

66 


86.9 
92.3 
77.6 
97.6 
85.9 
100.4 


35.4 
45.9 
37.1 
45.7 
44.0 
46.4 


45.7 
60.4 
42.7 
62.8 
47.2 
64.0 


41 
60 
48 
47 
61 
46 




• 

ReMi, G. I. 190 {Hardenm vul- 
gore), May 13 to Aug. 1 


1,291 
1,098 
1,161 
1,166 
1,072 
1,164 


532 
646 
661 
641 
650 
638 


Mean 


l,166dbl8 


643i:2 




f 67 
68 
69 
70 
71 
72 


107.0 
140.2 
114.2 
134.9 
104.6 
124.8 


43.2 
61.2 
48.2 
44.1 
38.0 
42.4 


60. 7 
73.3 
61.1 
73.0 
66.8 
67.6 


40 
37 
42 
33 
36 
34 




White HuU-l«w, 0. 1. 595 iHor- 
deum vuigare), May 13 to July 
31 


1,405 
1,431 
1,268 
1,666 
1,494 
1,694 


567 
522 
636 
641 




643 

642 


M«m . . ..... , . . 


1,476±40 


542±3 




f 74 
76 
76 

77 
78 


119.6 

84.4 

106.2 

88.6 

70.0 


67.6 
36.8 
48.6 
36.3 
33.9 


64.7 
40.7 
68.9 
46.6 
36.4 


48 
44 

46 
40 
48 




Beardless, G. I. 716 {Hordeum 
vulgare), May 13 to Aug. 1 


1,123 
1,360 
1,211 
1,291 
1,073 


643 
689 
664 
616 
620 


Mean 


1,210±38 


644:^9 

















WATER REQUIREMENT OF RYE AND BUCKWHEAT. 

The determinations of the water requirements of rye and buckwheat 
(see PL X, fig. 3) at Akron, Colo., in 1911 were limited to one variety 
of each. The results are given in Table VI. From the table it 
appears that rye has a surprisingly high water requirement, the ratio 
of the wnater transpired to the dry matter produced being 724 ±7, 
or nearly 54 per cent more than for Kubanka wheat. The grain 
requirement is also exceptionally high, the plants requiring 2,200 
pounds of water for the production of 1 pound of grain. 

If these ratios are confirmed by subsequent tests, the use of rye as a 
soiling crop would appear to be a very doubtful expedient in regions of 
limited rainfall. Wheat, for example, would produce the same 
amount of dry matter with the expenditure of only two-thirds the 
amount of water required in the case of rye. Every 300 pounds of 
rye produced per acre means the removal of 1 inch of stored rainfall. 
The production of a moderate crop of 1 ,600 pounds of dry matter per 
acre means then the removal of 5 inches of stored water, unless the 
conditions are such that the necessary water for growth is supplied 
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through rains during the growing season. The removal of 5 inches of 
water would deplete the available stored moisture supply in the 
average semiarid cultivated soil of the Great Plains, even after sum- 
mer fallowing for a season. It is doubtful, therefore, if rye should 
be used as a soiling crop on land that is to be planted to a money crop 
in regions of limited rainfall. Its use should at least be confined to 
the fall and early spring, when the water requirement, owing to the 
cooler weather, is considerably reduced. (See '^Alfalfa,'' under 
'^ Water requirement of legumes,'' p. 29.) 

In this connection it is interesting to consider the results obtained 
by Von Seelhorst for rye and wheat at Gottingen, Germany. (1906, 
1908.) They are in practical agreement with our results, but Von 
Seelhorst is inclined to favor rye as a soiling crop, notwithstanding its 
higher water requirement, because its period of maximum consump- 
tion of water comes so much earlier in the season than does that of 
wheat. This allows the accumulation of water in the soil before the 
next crop is ready to use it. While this would be an important con- 
sideration in a region of ample and well-distributed rainfall, in a 
region such as the Great Plains the chief consideration is not wTien the 
water is removed but how much water is removed by the soiling crop. 

Buckwheat gave a mean water requirement for the dry matter pro- 
duced of 578 ±13, which is about 23 per cent higher than Kubanka 
wheat and intermediate between barley and oats. The water require- 
ment of the grain in the case of buckwheat is, however, exceptionally 
low, being 13 per cent less than for Kubanka wheat and the lowest of 
all the small grains measured except millet. 



Table VI. — Water requirement of rye and buckwheat at Ahron, Colo., in 



1911. 



Plant and period of growth. 


Pot 
No. 


Dry 
matter. 


Grain. 


Water. 


Grain. 


Water requirement 
based on — 




Grain. 


Dry matter. 


Spring Tfe, 0. 1. 73 {Seeale cere- 
ale), May 13 to Aug. 5 


r 85 
86 
87 
88 
89 
90 


Oramt. 
88.1 
89.0 
80.2 
78.4 
89.1 
88.6 


Orams. 
28.4 
28.5 
24.7 
25.4 
29.7 
31.7 

m 


Kilos. 
63.7 
69.5 
55.8 
55.9 
64.4 
62.8 


Per cent. 
32 
32 
31 
32 
33 
36 


2,242 
2.439 
2,259 
2,200 
2,168 
1,981 


723 

781 
606 
713 
722 
709 


Mean 


2.215±37 


724±7 




f 183 
194 
195 
196 
173 


100.9 

116.7 

67.1 

59.5 

93.3 


62.5 
67.0 
36.1 
31.9 
55.3 


67.7 
64.9 
89.9 
36.1 
56.8 


57 
67 
52 
54 
59 




Buckwheat (Faaopifrum fago- 
pyrum), June 10 to Sept. 16 


923 

969 

1,137 

1,131 

1,027 


525 
556 

594 ' 
607 
609 


M4«n. 




l,037d:33 


h7B±lZ 




t 
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WATEH REQUIREMENT OF DIFFERENT VARIETIES OF CORN. 

Three varieties of corn (Zea mays) were included in the water- 
requirement experiments at Akron, Colo., during the season of 1911. 
(Table AT!I.) Northwestern Dent is an early-maturing variety 
grown extensively in the northern part of the Great Plains, where the 
season is rather short for maize. Its water requirement was found 
to be 368 ±10. Iowa Silvermine (PL VI, fig. 1) is a variety which is 
very popular in corn-growing States and has a vigorous habit of 
growth, with well-developed leaves. Its water requirement was 
420 ±3, which is considerably above that obtained for Northwestern 
Dent. Neither of these varieties gave so low a water requirement as 
did Esperanza, a drought-resistant Mexican variety introduced by 
Mr. G. N. Collins, of the Office of Crop Acclimatization and Adaptation 
Investigations. This variety gave a water requirement of 319 ±5, 
which is only about three-fourths of the water requirement of the 
Iowa Silvermine. Esperanza, however, produced no ears at Akron. 
Owing to our failure to secure a good pollination of the ears, no sig- 
nificance can be attached to the water requirement for the production 
of grain in the case of the different varieties of com tested. 

A comparison of the results obtained with com and sorghum shows 
the surprising and important fact that Esperanza corn produced dry 
matter as economically as did Dwarf milo and white durra. ' Even the 
large, luxuriant Iowa Silvermine required only 26 per cent more water 
than the Dwarf milo, one of the most successful drought-resistant 
crops of the southern Great Plains. It would seem from these results 
that in com we have a wonderfully efficient plant, and that varieties 
may be chosen which will compete successfully with plants of the 
sorghum group as regards economy in the use of water. Where com 
is grown far apart and with only one plant in a hill, as is the practice in 
dry regions, and where the ground is kept free from weeds it is not 
surprising that the rotation of fall wheat after com has in many places 
supplanted the rotation of fall wheat after sunmier tillage. While 
during extremely dry years grains give a greater money return when 
grown on summer-fallowed land, one year with another, the money 
return from the com crop more than compensates for the lower grain 
yield during the exceptionally dry years. 
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Table VII. — Water requirement of different varieties of com at AhroUf Colo., in 1911. 



Plant and period of growth. 


Pot 
No. 


Dry 
matter. 


Grain. 


Water. 


Grain. 


Water requirement 
baseaon — 




Grain. 


Dry matter. 


Northwestern Dent {Zea maf), 
Mav 24 to Aue. 23 


r 109 
110 
111 
112 
113 
114 


Grami. 
179.0 
173.5 
154.1 
160.1 
151.8 
145.9 


Orams. 
72.8 
58.6 
28.2 
37.7 
25.3 
13.0 


KUo9. 
55.2 
60.35 
58.75 
61.05 
61.46 
56.2 


Percent. 
41 
34 
18 
24 
17 
9 


758 
1,029 
2,083 
1,619 
2,429 
4,320 


308 

348 
381 
381 




405 
385 


Mean 


2,O40i:342 


368 ±10 




f 115 
116 
117 
118 
119 
120 


232.5 
260.5 
221.8 
Z^l.2 
232.4 
237.7 




102.7 

104.55 

93.3 

93.85 

98.66 

100.0 








442 










401 


Iowa Silvermine {Zea Tna|r«), 
May 24 to Sept. 4 








421 








418 










416 










421 












Mean 




420±3 




f 121 
122 
123 
124 
125 
126 


288.8 
262.6 
279.5 
317.9 
258.4 
287.0 




83.4 

S4.7 
93.8 
103.1 
h3.75 
95.85 








* 


289 










323 


Esperanza, M. 66 (Zeo mayt), 
May 12 to Sent. 4 









335 








324 










312 










334 












M^^ftn . . 


319i:5 
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WATER REQUIREMENT OF DIFFERENT VARIETIES OF SORGHUM. 

Five varieties of sorghum (Andropogon sorghum) (Pis. VI to VIII) 
were tested as regards tlieir water requirements at Akron, Colo., in 
1911. The data are given in detail in Table VIII. The water 
requirement of the five varieties, based on the dry matter, is as 
follows: 

Blackhull kafir 278±5 

• Red Amber sorghiun 298±4 

Brown kaoliang 301 ±3 

WTiitedurra 321 ±2 

Dwarf milo 333±3 

The adaptation to dry-land conditions of this remarkable group 
of forage plants is well shown in their unusually low water require- 
ment, which taken as a group is well below all the other plants 
tested, with the exception of Esperanza com and millet. The excel- 
lent agreement of the individual pot experiments is shown by the 
small probable error and justifies considerable confidence in the 
results as indicating the relative water requirements of the different 
varieties tested. It would therefore appear that Dwarf milo 
requires about 20 per cent more water than Blackhull kafir for an 
equal amount of dry matter. 

The other varieties are intermediate. Red Amber sorghum requir- 
ing about 7 per cent. Brown kaoliang 8 per cent, and White durra 
15 per cent more water than the kafir. 
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Plate VII. 




FiQ. 1.— Brown Kaolianq, Grown May 12 to September 6, 191 1 (Pots 151 to 156). 

Water requirement, 301 ± 8. 




Fig. 2.— Red Amber Sorghum, Grown May 12 to September 4, 1911 

(Pots 127 to 132). 
Water requirement, 298 ± 4. 



Bui. 7M, Buranu of Plinl Indutli), U. 5. Dipt, of Agrlc 



FiQ. 1.— Dwarf Milo, Grown Mav 12 to September 14, 1911 (Pots 133 to 138}. 




Fio. 2— BmcKMULL KAFift, GnowN May 1 2 TO September 3,1911 (Pots 1 39 to 1 44(. 
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The water requirement of the five varieties of sorghum based upon 
grain production is as follows : 

Brown kaoliang 726± 12 

BlackhuU kafir 803 ± 26 

Whitedurra 806± 12 

Dwarfmilo 1,123± 57 

Red Amber sorghum 1,494±202 

It is of interest to note in this connection that Red Amber sor- 
ghum is not a grain sorghum, but is grown exclusively for forage. 
Of the grain varieties tested Brown kaoliang requires the least water, 
while Dwarf milo requires the most, its water requirement being 55 
per cent greater than that of the kaoliang. White durra and Black- 
hull kafir have practically the same water requirement — about 11 
per cent higher than the kaoliang. It is probable that the water 
requirement based on grain is too high in the case of Dwarf milo, 
since some of the flowers were slightly damaged by a midge before 
it was discovered and kiUed. 

The group as a whole shows a remarkably low water requirement 
whether based on dry matter or on grain. The sorghums' most 
efficient in the use of water consume about 60 per cent of the water 
required by Kubanka wheat in the production of either dry matter 
or grain. 

Table VIII. — Water requirejnent of different rarieties of sorghum at Akrons Colo., in 

1911. 



Plant and period of growth. 



Red Amber, 8. P. 1. 17548 (An- 
dropogon sorffhum). May 12 to 
8ept.4 



Mean. 



Dwarf mUo, S. P. I. 24970 (An- 
dropogon sorghum). May 12 to 
Sept. 4 



Mean. 



Blackball kafir, S. P. I. 24975 
(AndTopogon torghum). May 
12 to Sept. 3 



Mean. 
284 



Pot 
No. 



127 
128 
129 
130 
131 
132 



133 
134 
135 
136 
137 
138 



Dry 
matter. 



Orams. 
279.5 
303.1 
297.9 
300.4 
334.9 
329.7 



222.9 
238.1 
232.0 
249.4 
251.5 
265.6 



139 
140 
141 
142 
143 
144 



310.0 
333.5 
335.7 
280.9 
333.5 
335.6 



Grain. 



Orams. 
44.2 
81.1 
31.0 
71.3 
108.4 
97.7 



70.9 
74.4 
99.5 
68.7 
63.0 
67.5 



108.1 

125.0 

94.7 

47V. V 

126.2 
120.2 



Water. 



KUo8. 
81.1 
94.7 
85.2 
94.2 
96.9 
97.3 



75.5 
82.0 
74.3 
84.2 
83.3 
86.2 



85.1 
90.1 
89.1 
87.0 
88.2 
96.4 



Grain. 



Percent, 
16 
27 
10 
24 
32 
30 



31 
31 
43 
28 
25 
25 



86 
38 
28 
36 
38 
36 



Water requirement 
based on — 



Grain. 



1,835 
1,168 
2,748 
1,321 
803 
996 



Dry matter. 



290 
312 
286 
313 
289 
295 



1,494±202 


298±4 


1,065 


338 


1,102 


344 


746 


320 


1,226 


338 


1,322 


331 


1,276 


325 


1,123±57 


333 ±3 


787 


274 


720 


270 


941 


265 


871 


310 


699 


264 


802 


287 


803±26 


278±5 
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Table VIII. — Water requirement of different varieties of sorghum at Akron, Colo., in 

1911 — Continued. 



Plant and period of growth. 



White dnrra, S. P. 1. 24997 (An^ 
dropogon sorghum), May 12 to 
Sept. 5 



Mean. 



Brown kaoUang, S. P. I. 24993 

iAndropogon torghwn), May 
2 to Sept. 6 



Mean. 



Pot 
No. 



145 
146 
147 
148 
149 
160 



151 
152 
153 
154 
155 
156 



Dry 
matter. 



Oranu. 
292.8 
257.8 
300.1 
248.3 
309.0 
291.3 



297.3 
247.2 
244.7 
223.5 
263.2 
229.3 



Grain/ 



Grams. 
111.0 
110.4 
118. 9 
101.3 
124.5 
109.2 



119.2 
102.6 
91.7 
90.4 
116.9 
105.6 



Water. 



Kilos. 



92, 
80. 
94. 
82 
99. 



2 
4 

8 
9 
4 



94.56 



86.1 
76.6 
77.8 
66.0 
77.2 
60.4 



Grain. 



Percent, 
38 
43 
40 
41 
40 
38 



40 
42 
88 
40 
44 
46 



Water reqairement 
baseaon— 



Grain. 



826 
728 
797 
818 
798 
866 



806d:12 



714 
746 

AAA 

730 
660 

657 



726±12 



Dry matter. 



315l 
312 
316 
384 
322 
324 



321 ±2 



286 
309 
318 
295 
293 
302 



301±3 



WATER RBQXnREMENT OF DIFFERENT VARIETIES OF MILLET. 

Millet is a remarkable plant with respect to economy in the use of 
water, both in the production of dry matter and of grain. The two 
varieties tested at Akron, Colo., in 1911 (Table IX), namely, Kursk 
and German, gave, respectively, a water requirement for the dry matter 
produced of 287 ±2 and 263 ±15, the latter figure being 44 per cent 
less than the water requirement of Kubanka wheat. The water 
requirement of the grain of Kursk millet was found to be 923 ±40, 
which is 23 per cent less than for Kubanka wheat and the lowest of 
any of the small grains measured, i^ The ratios just given furnish an 
adequate explanation of the success of millet, as a crop for semiarid 
regions. The amount of water required to produce a pound of rye 
(dry matter) would produce 2J pounds of millet, and the same ratio 
applies to the grain as well. The water economy exercised by millet 
in the production both of dry matter and of grain is a fact of the 
greatest significance to farmers in regions of limited rainfall. 

Table IX. — Water requirement of different varieties of millet at Akron, Colo., in 1911, 



Plant and period of growth. 


Pot 
No. 


Dry 
matter. 


Grain. 


Water. 


Grain. 


Water reauirement 
laaseaon— 




Grain. 


Dry matter. 


Kursk, .S. P.I. 22420 {Chaeto- 
chloa italica), May 12 to Aug. 9. 


f 157 
158 
159 
160 
161 

I 162 


Grama. 
159.7 
206.8 
234.9 
183.8 
229.0 
198.3 


GraTM. 

67.8 
73.3 
47.5 
81.2 
00.9 


Kilos. 
47.3 
58.0 
67.1 
53.2 
64.6 
56.6 


Percent. 
29 
33 
31 
26 
36 
35 


1,040 

856 

916 
l,12d 

796 

810 " 


296 
281 
286 
289 
282 
285 


Mean 


923±40 


287^2 




f 163 
154 
165 
166 
167 
168 


219.0 
175.9 

88.9 
105.5 

92.6 
120.7 




49.5 
48.1 
21.8 
25.5 

34.2 
26.5 








226 


•* 






........... 


^ 273 
245 


German, 8. P. I. 2B845 ( Chaeto- 








cMoa itaUca), May 12 to Aug. 21. 








* 242 










« 369 










220 












Mean 




263^15 







I **" 
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WATER REQUIREMENT OF LEQUMB8. 

The legumes occupy an important position in dry-land agriculture, 
both in regard to their value as forage crops and from the standpoint 
of nitrogen fixation. The three legumes which have been most used 
in this connection are alfalfa, or lucem, Canada field peas, and sweet 
clover, and these species were tested at Akron, Ck>Io., in 1911 as 
regards their water requirement. (Table X.) 

The alfalfa made a splendid growth in the pots apd three cuttings 
were made during the summer, the first on July 19 (PL IX, fig. 2), 
the second on September 18 (PI. X,* fig. 2), and the third on October 
22. The first two crops attained their normal development, the 
plants being in full flower when the cuttings were made. The third 
cutting was made when the plants were about half grown. Consid- 
erable differences are, of course, to be expected in the water require- 
ment of a crop grown at different seasons of the year, owing to 
changes in the climatic conditions. This is well illustrated in the case 
of the three crops of alfalfa, which gave the following water require- 
ment: 

Alfalfa: 

Firet crop, May 13 to July 19 1,008±26 

Second crop, July 19 to September 18 1,354±22 

Third crop, September 18 to October 22 520±9 

Crops combined, May 13 to October 22 1. 068 i 16 

Tbe increase in the water requirement of the second crop is doubt- 
less to be attributed to the hot weather of the latter part of July and 
of August, which came when this crop was making its most rapid 
growth. The third crop showed a very material reduction in the 
water requirement, due presumably to the cool weather of late Sep- 
tember and of October. 

The unusually high water requirement shown by alfalfa is not 
promising for the success of this plant as a dry-land crop. Alfalfa is 
far higher in its water requirement than any of the other plants 
tested, being practically double that of wheat and the other small 
grains, three times that of com, and four times that of millet and 
sorghum. Too much emphasis should not, of course, be placed upon 
the determinations until they have been supported by the results of 
succeeding years; but, from the results of the experiments thus far, 
the writers question the practicability of growing alfalfa in regions of 
limited rainfall, when forage crops like sorghum and millet are avail- 
able, which will produce the same amount of dry matter with one- 
fourth the amount of water. 

If the growing of alfalfa is to be attempted in regions of limited 
rainfall, these experiments would indicate the advisability of a thin 
stand in rows or hills, with clean cultivation, thus securing for each 
plant the water supply of a relatively large soil mass. It would 
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appear that the crop could also be profitably limited to two cuttings, 
one made in the spring and the other in the fall, keeping the top 
growth small during the summer through pasturage or movring. By 
following this procedure, the alfalfa would be growing most actively 
at seasons of the year when the crop shows its lowest water require- 
ment. The writers are not aware that tliis plan has ever been given 
a practical test. 

Sweet clover, owing to its adaptability and luxuriant habit of 
growth, is at present being tested in a. number of localities regarding 
its value as a dry-land crop. While considered at first chiefly from 
the standpoint of its value as a green manure, it has also recently 
found considerable favor, as a hay crop, stock gradually acquiring a 
taste for it in spite of the coumarin which at first proves so offensive.* 
From either standpoint the water requirement of sweet clover is an 
important consideration to the dry-land farmer. The experiments 
with this plant at Akron in 1911 gave a water requirement for sweet 
clover during the period from May 13 to July 19 of 675 ±5 (PI. IX, 
fig. 1). This period is identical with the period covered by the first 
alfalfa crop and shows the water requirement of sweet clover to be 
practically two-thirds that of alfalfa. A second crop (PL X, fig. 1) of 
sweet clover from the same roots grown from July 19 to September 21 
gave a water requirement of 793 ±12, an increase over the first crop 
of 18 per cent, as compared with a corresponding increase- of 34 per 
cent in the case of the second alfalfa crop. The sweet-clover plants 
failed to develop a third crop from the old roots. The season taken 
as a whole produced three crops of alfalfa with a water requirement 
of 1,068 ± 16 and two crops of sweet clover with a water requirement 
of 709 ±9. Sweet clover required 39 per cent less water than alfalfa 
for the production of the same amount of dry matter. In other words, 
li pounds of sweet clover were produced with the same amount of 
water required to produce 1 pound of alfalfa. 

The Canada field pea in 1911 gave a water requirement of 800 ± 17 
for the period from May 13 to August 7. It is thus intermediate 
between alfalfa and sweet clover in its water requirement. It is not 
strictly comparable with the results obtained with these two legumes, 
due to the different periods of growth. Moreover, the peas, through 
their recumbent habit of growth, were shaded to some extent by the 
pots and by other plants, which would tend to give a water require- 
ment below the true value. From a comparison with the grain crops 
it would appear that the water requirement of field peas on a basis of 
the total dry matter produced is from 50 to 75 per cent greater than 
that of the small grains. 

1 See Westgate, J. M., and Vinall, H. N., "Sweet clover/' U. S. Department of Agriculture, 
Bulletin 485, 1912. 
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FiQ. 2.— GftiMM Alfalfa, Grown May 13 To July 19, 1911 (Pots 91 to 96, 

Pot 96 IN THE FOBEQROUNOh 
IValer r&iulreineni, lOOs ± 26. 



—Sweet Cuover, Grown Julv 19 to Septembeh 21, 1911 (Second and 
Last Ckop; Pots 97 to 102). 

Waler nqlliremBlit, it« ± 12. 



FiQ. 2.— Grimm Alfalfa, Grown Juur 19 To September 18, 1911. 
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Table X. — The water requirement of legumes (alfalfa, Canada field peas, and sweet 

clover) at Akron, Colo., in 1911. 



Plant and period of growth. 


J'ot 
No. 


Dry 


Grain. 


Water. 


Grain. 


Water requirement 
based on— 


matter. 

1 

! 


1 

1 


Grain. 


Dry matter. 




f 91 
92 
93 
94 
«5 
96 


Oramt. 
88.0 


Oranu. 


Kilos. 
86.7 
71.9 
84.1 
68.1 
70.3 
86.1 


Percent. 




1,008 




60.5 
7S.2 
82 2 




....... 




1,035 
1,148 


AlfaUa, Grimm, 8. P. I. 2fi0M 
(Medkoffo »ativa), May 13 






- 








828 


to July 19 


a*. « 

66.9 
86.8 


........ 







1,051 
980 




















M«an , 


( 


1,006±26 




r 91 
92 
93 
94 
96 
96 


77.2 
85.4 
84.4 
75.2 
71.9 
113.0 




107.25 

113.8 

109.3 






1,380 










1,332 


Second crop, July 19 
to Sent 18 




* * 




1,295 




94.7 
101.9 
161.7 





1,250 










1,417 










1,431 












Mean 


1,354±22 




r 01 
92 
93 
94 
95 

I 96 


32.4 
36.8 
38.6 
34.7 
36.6 
27.9 




16.65 

19.5 

18.1 

17.6 

20.0 

15.4 










514 










630 


Thfrd crop, Sept. 18 to Oct. 
22 








469 


a 






607 










546 










562 












Mean 


620±9 




r 91 

92 
93 
94 
95 
96 


195.6 
191.7 
196.2 
192.1 
175.4 
227.4 




210.6 
205.2 
211.5 
180.4 
192.2 
262.2 










1,076 










1,070 


Crops combined for season, 
May 13 to Oct, 22 








1,078 








940 








1,096 










1,148 














Mpan. 






1,068±16 




f 97 

98 

99 

100 

101 

102 


141.0 
144.7 
160.8 
155.3 
158.0 
185.4 




98.0 

97.4 

110.2 










605 










673 


Sweet clover, S. P. 1. 21216 ( Mdi- 
{o<iMaZba),May 13 to July 19.. 








685 




104.6 
108.0 
118.8 






673 








684 










641 












Mean 


1 


675i:5 




f 97 

98 

99 

100 

101 

102 


64.0 

n.3 

84.9 
75.7 
68.4 
21.3 












62.7 
52.1 




823 










730 


Second crop July 19 to 
Sept. 21 




68.4 
63.3 
55.0 
16.15 






&06 








836 










801 











768 














Mmui , 


7B3±12 




r 97 

98 

99 

100 

101 

102 


205.0 
216.0 
245.7 
231.0 
226.4 
206.7 




150.7 
149.5 
178.6 
167.9 
163.0 
134.95 










736 










692 


Crops combined for season, 
May 13 to Sept 21 








728 








727 








720 










653 












Mp^n ..... 


7D9d:9 




f 103 
104 
106 
106 
107 
108 


110.3 
96.6 

102.6 
94.6 
99.1 
73.2 


39.4 
36.7 
34.2 
38.4 
30.4 
29.8 


83.66 

73.3 

91.06 

71.75 

78.45 

62.05 


36 
38 
33 

47 

31' 

41 


2,122 
1,997 
2,660 
1,809 
2,681 
2,062 




Canada field pea, S. P. 1. 22637 
(Pitutn sativum), May 13 to 
Aug. 7 


758 
769 
888 
758 




792 

848 


Mean 


2,218d:100 


800±17 








1 
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WATER B£QUIB£M£NT OF PLANTS. 



WATER REQUIREMENT OF POTATOES AND SUGAR BEETS. 

The Irish potato in the 1911 experiments at Akron, Colo., gave a 
water requirement practically identical with that of Kubanka wheat, 
namely, 448 ±11. (Table XI.) When calculated on the basis of 
the dry matter in the tubers alone the water requirement was 
994 ±38. The potatoes made a perfectly normal growth in the cans 
and developed a fair crop of tubers of moderate size. (PL XI, fig. 4.) 

Experiments with the sugar beet gave a water requirement for this 
plant of 377 ± 8, or, when based upon the dry matter of the root alone, 
of 629 ±18. These plants also developed normally, although the 
roots were of only moderate size. (PL XI, fig. 5.) It is interesting 
to note that this crop agrees very closely with corn in its water 
requirement. 

Potatoes and sugar beets have a comparatively low water require- 
ment. As harvested and sold they contain a high percentage of 
water. The water requirement on the basis of the green weight of 
tubers and roots is therefore especially low, being 166 ±4 for pota- 
toes and 110 ±3 for sugar beets.* 

Table XI. — Water requirement of potatoes and sugar beets at -AJfcron, Colo., in 1911. 



Plant and period of growth. 


Pot 
No. 


Dry 
matter. 


Tubers 
or roots. 


Water. 


Tubers 
or roots. 


Water requirement 
based on— 


Tubers 
or roots. 


Dry 

matter. 


Potato, Irish Cobbler (Solanum 
tuberosum), June 10 to Sept. 19. 


169 
170 
171 
172 

174 


Orams. 
138.9 
151.9 
122.0 
159.2 
132.6 


Orams. 
74.0 
74.0 
48.2 
60.8 
55.7 


KOos. 
66.2 
66.4 

58.8 
68.2 
54.8 


Percent. 
53 
49 
40 
44 
42 


894 
897 
1,220 
977 
984 


477 

438 
482 
428 
413 


M^n, 


994:t38 


448d:ll 




f 175 
176 
177 
178 
179 
180 


153.6 
180.0 
207.7 
181.1 
141.6 
185.1 


80.7 
107.7 
128.5 
108.1 

82.5 
115.6 


65.6 
71.7 
68.4 
55.4 

66.8 


58 
60 
62 
60 
58 
62 




Susar beet, Morrison • grown 
Kleinwanzle))en {Beta vuifa- 
Ti»), June 10 to Sept. 19 


725 
609 
558 
633 
' 671 
578 


423 
364 
345 
378 
391 
360 


Mean 


629±18 


377± 8 

















WATER BEQUIREMENT OF RAPE. 



Rape, which is used somewhat in dry farming as a pasture crop, 
was tested at Akron, Colo., for its water requirement during the 
period from August 18 to October 17, 1911. The crop was sown fol- 
lowing oats, without the addition of fertilizer, and it is possible that 
the water requirement was somewhat increased by the lack of plant 
food. The water requirement obtained for this plant was 441 ±12 
(Table XII), as compared with a water requirement of 1,450 for a 



28* 



il Induitry, O. 5. Dwt. ot Agricu 



PiowEED\ Grown August 5 to September 

Pots 7 to 12; Fertilized). 



o September 15, 1911 



Fio. 3.— Sausola festifer (Russian Thistle), Grown June 10 to September S, 
1911 (Pots 181 to 186). 

Wnlur n-qulremeiit, 33i; ± 5. 



Fm. 4. —Irish Cobbler Potatoes, Grown June 10 to September 19,1911 IFrom 
Pots 169 to 174). 

Water requlrecaeiit, bnsed on dry miUler of liibeni, 9M ± »«; btisefl on tola! dry moller, «t ± 11. 



Fio. 5.— Morbison-Grown Kleinwanzleben Suoar Beets, Grown June 10 t 
September i9, i9ii (From Pots 175 to 1801. 
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new crop of Grimm alfalfa grown following barley during practically 
the same period. It would therefore appear that the water require- 
ment of rape is only about one-third that of a new crop of alfalfa. 



Table XII . — Water requirement of rape 


at Ahwif Colo. 


, in 1911. 




• 

Plant and period of growth. 


Pot 
No. 


Dry 
metter. 


Water. 


Water 

lequlre- 

mont 

baaed 

on dry 

matter. 


"Raoe (SnMica namu). Auk. 18 to Oct. 17 


f 37 
38 
39 
40 
41 
42 


Oranu, 

48.0 
18.1 
16.9 
27.3 
11.1 
14.5 


KUm. 

21.7 
8.7 
6.9 

12.25 
4.2 
6.95 


452 
481 
408 




449 
378 
479 


Ueau 


441^12 






' 





WATEB REQUIREMENT OF WEEDS AND NATIVE PLANTS. 

Four plants which grow without cultivation in eastern Colorado 
were used in the water-requirement experiments at Akron in 1911. 
(Table XIII.) Only one of these, Artemisia frigida (mountain sage) 
is a. true native plant. It is abundant in the northern and central 
portion of the Great Plains. The other three plants are among the 
worst weed pests of this region. Two of these, the Russian thistle 
(PI. XI, fig. 3) and AmararUhus graeeisans (PI. XI, fig. 2), are tumble- 
weeds, while the third, Arruiranthus retrofiexiLS (PI. XI, fig. 1), is the 
ordinary redroot or pigweed, a common weed throughout the United 
States. 

The water requirement based upon the production of dry matter is 
kere summarized : 

Artemisia frigida 765i24 

Salsola pestif er 336± 5 

Amaranthus retroflexus (outside) 356± 4 

Amaranthus retroflexus (fertilized) 274± 3 

Amaranthus graecizans 277 ± 4 

Amaranthus graecizans (outside) 275 ± 7 

Artemisia grew fairly well, somewhat better than in the native sod. 
Its water requirement is high — 65 per cent higher than Kubanka 
wheat and 157 per cent higher than Red Amber sorghum. Only two 
of the cultivated crops tested, alfalfa and Canada field pea, have a 
higher water requirement. This is e^ecially interesting, since Arte- 
misia frigida from a morphological point of view would seem to be 
admirably adapted to a dry country. It is covered with a dense 
silvery pubescence, which protects it from sun and wind. This 
would tend to reduce the transpiration, but since the plant grows 
slowly it fails to show a high degree of efficiency in the use of water. 
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WATER REQUIBBMBNT OF PLANTS. 



From the standpoint of water economy the weeds are decidedly 
efficient. For an equal production of dry matter the Russian thistle 
requires about the same amount of water as Dwarf milo. Amaranth/us 
retrofleru^ (redroot) about the same quantity as Northwestern Dent 
corn, and Amaranthus graedzans (a tumbleweed) about the same 
quantity as BlackhuU kafir. 

Probably more water is needlessly lost through the growth of these 
and similar weeds than from any other cause. When soil moisture 
is available they make a rapid and luxuriant growth, and the water 
consumed by them is a complete loss, except in so far as they con- 
tribute organic matter to the soil. Sorghum, com, or millet could 
take the place of these weeds with no greater consumption of soil 
moisture. 

One set of pots of Amaraivthus retroflerus was fertilized. This set 
showed clearly the effect of the additional amount of plant food, 
especially nitrogen, the plants being unusually luxuriant (PL X, 
fig. 1 ) and of a dark-green color. The water requirement of this set 
was 23 per cent lower than that of a similar but unfertilized set 
grown in soil which had just produced a heavy crop of wheat. 
Amaraivthus graedzans was used to check the effect of the shelter 
upon the water requirement. Six pots were grown in a freely 
exposed position outside the shelter, and six inside the shelter. The 
two sets agreed as to their water requirement. 

Table XUI. — Water requirement of weedi and native plants at Akron, Colo,, in 1911. 



Plant and period 
of growth. 


Pot 
No. 

f 181 
182 
183 
184 
185 
188 


Dry 
matter. 


W^ater. 

Kilos. 
68.8 
58.6 
50.2 
51.3 
51.6 
54.9 


Water 
require- 
ment 
based 
on dry 
matter. 


Plant and period 
of growth. 


Pot 
No. 


Dry 
matter. 


Water. 


Water 
require- 
ment 
based 
on dry 
matter. 


Saisola pestifer, 
June 10 to Sept. 



Orams, 
198.0 
178.6 
144.0 
150.3 
164.4 
167.6 


356 
328 
349 
341 
314 
328 


Artemisia Arigi- 
da, June 10 to 
Sept. 21 

Mean 


f 187 
188 
189 
190 
101 

I 192 


(Troiiu. 
17.9 
36.5 
44.4 
16.2 
30.2 
51.9 


KHm. 
14.8 
24.0 
31.3 
14.35 
22.45 
30.96 


827 
658 
705 
886 




743 
773 


Mean 


336±5 


765^34 




r 1 
2 
3 

4 
5 
6 


96.0 
46.9 
73.2 
66.5 
98.9 
88.0 


33.7 

17.9 

25.75 

2S.5 

35.1 

29.5 


Amaranthus re- 
troflexua,Aug. 
5 to Sept. 15 
(inside the 
shelter), ferti- 
Ueed... 


7 

8 

9 

10 

11 

12 


133.4 
89.0 
134.6 
136.4 
116.8 
128.7 


87.0 
26.0 
36.7 
36.8 
30.9 
34.0 




AmaranthuB re- 
troflexuSfAug. 
5 to Sept. 15 
(outdde the 
shelter) 


351 
382 
357 
353 
356 
335 


2n 

292 
273 
270 
386 
264 




Mean 




Mean 


356±4 


274^3 




r 31 
32 
33 
34 
35 
36 


35.3 
20.2 
60.1 
24.9 
37.8 
27.1 


lao 

8.1 
18.4 

6.5 
11.35 

7.5 


Amaranthus 
graedzans^Aug. 
6 to Sept 15 
(outside the 
sheltsr) 

Mean 


r 79 
80 
81 
82 
83 
84 


7a 2 

45.9 
62.9 
56.3 
51.6 
69.7 


17.3 

11.5 

17.06 

16.8 

15.2 

19.15 




Amaranthus 
graedzans, Aug. 
5 to Sept. 15 ' 
(Inside the 
shelter) 


277 
266 
261 
300 
277 


246 
251 
271 
304 
296 
275 


Mean 


277±4 ' 


275±7 






1 
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WATER REQUIREMENT OF CROP8 GROWN OUT OF SEASON. 

After the jfirst crop of small grains was removed from the cans at 
Akron, Colo., in 1911, some of the pots were planted to a second crop. 
The results obtained from this second crop when the plants were 
grown out of their normal season are given in Table XIV. None 
of these plants reached maturity and the amount of dry matter 
harvested was small. The water requirement of alfalfa was 36 per 
cent more and that of sweet clover 84 per cent more than for the 
normal crop. Barley and wheat were 3 and 8 per cent higher than 
when grpwn in season. Canada field peas, oats, and spring rye had a 
much lower water requirement than when grown in season, the 
decrease being 20 per cent for Canada field peas, 26 per cent for oats, 
and 35 per cent for spring rye. The lower water requirement of these 
plants is of interest, since they are what might be called cool-weather 
crops and make a better growth under this condition than do other 
crops less adapted to cool weather. The results suggest that during 
late fall and early spring, rye, oats, and Canada field peas are excep- 
tionally efficient plants, giving a large amount of growth in propor- 
tion to the water consumed and that during the warmer portion of the 
year they are relatively inefficient. 

Table XIV. — Water requirement of crops gravm out of season atAhrony Colo.y in 1911. 











1 
Water \ 


Plant and period 


Pot 


Dry 
mat- 
ter. 


Watwr. 


require- 
ment 


of growth. 


No. 


based on 








dry mat- 










ter. 






QrarM. 


Kilw, 






f 25 


8.6 
1 .6 


4.5 


523 


Wheat, Ka- 


26 


7.4 


698 


banka (G. I. 


27 


18.8 


7.8 


415 


1«0), Aug. 9 


28 


9.1 


4.3 


477 


to Oct. 22 


29 


14.8 


6.06 


409 




I 30 


16.1 


8.15 


506 


Mean 


505^:27 




f 65 


27.1 


10.95 




404 


Oats, SUty-Day 
(0.1.166), Aug. 


56 


30.3 


15.8 


522 


67 


31.6 


13.2 


418 


16 to Oct. 22.... 


58 


32.4 


15.15 


468 




I 69 


21.5 


9.4 


437 


, Mean 


450±11 




{ 61 


37.2 


23.7 




637 


Barley, Beldi(G. 
I. 190), Aug. 3 
to Oct. 22 


02 
63 
64 
66 


65.9 
38.7 
60.0 
63.6 


31.1 
22.7 
25.0 
29.85 


556 
586 
500 
557 




I 66 


52.1 


26.75 


513 


Mean 


558±13 




f S5 


50.0 


20.5 




530 


Rye, spring (G. 
I. 73), Aug. 9 
to Oct 22 


86 
87 
88 


29.3 

67.7 

5.9 


14.9 

30.7 

2.7 


606 
454 
468 




89 


18.6 


8.35 


451 




I 90 


38.9 


16.8 


432 


Mean 


472i:12 











Plant and period 
of growth. 



Sweet clover (S. 
P. I. 21216), 
Aug. 3 to Oct. 
22 



Mean. 



AlfalCa, Grimm, 
(8.P.I.26095), 
Aug. 8 to Oct. 
22 



Mean. 



Canada ileld pea 
(8. P. 1. 22687), 
Aug. 9 to Oct. 
22 



Mean. 



Pot 
No. 



74 
75 
76 
77 
78 



67 
68 
69 
70 
71 
72 



103 
104 
105 
106 
107 
106 



Dry 
mat- 
ter. 



GroiiM. 

44.6 
52.0 
37.9 
43.6 
35.8 



35.4 

2r.6 

29.4 
22.6 
29.5 
33.3 



52.1 
34.0 
54.1 
44.9 
49.1 
47.9 



Water. 



Kilos. 
60.85 
61.0 
50.7 
52.1 
52.2 



52.05 

38.0 

41.55 

33.2 

46.1 

46.95 



30.36 

20.2 

33.8 

30.5 

32.6 

32.25 



Water 
require- 
ment 
based on 
dry mat- 
ter. 



1.364 
1. 173 
1,338 
1.196 
1,458 



l,306i:31 



1.470 
1.376 
1,413 
1.469 
1.563 
1,410 



1,450±19 



582 
594 
625 
679 
664 
673 

636d:14 
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WATER REQUIREMENT OF PLANTS. 



Table XIV. — Water requirement of crops grown out of eeoBon at Akron, Colo., in 

1911— Continued. 

SviCMABT or Means. 









Water 








Water 








require- 








require- 


Crop. 


Period of 


Pot 


ment 


Crop. 


Period of 


Pot 


ment 


growth. 


N08. 


based on 


growth. 


N08. 


based on 








dry mat- 








dry mat- 








ter. 








ter. 


Wheat, Eu- 
banka (G. I. 


Aag.9-Oct.22 


25-30 


506±27 


Rye. spring 

Mmm, Grimm 


Aug.9-Oct.22 
Ailg.3-Oct.22 


85-4» 
67-72 


472±12 
1.49Q±1» 


1440). 








Sweet clover.... 


Aug. 3-Oct. 22 


74-78 


1.306i:31 


Oats, Sixty- 
Day. 


Aojz. 16-Oct. 


56-60 


460±11 


Canada field 
pea. 


Aug.9-Oct.22 


108-108 


636±14 


Barley, Beldl. 


Aug. 3-Oct. 22 


61-66 


568±13 











SUMUART OF WATER-REQUIRBMENT MBASUREMBNT8 IN COLORADO, 1911. 

Table XV shows that the water requirement of diflferent varieties 
of the same crop differs but little as compared with the variation in 
the water requirement of different crops. The water requirement of 
the most efficient variety is 88 per cent of that of the least efficient 
in the case of wheat; oats, 94 per cent; barley, 97 per cent; millet, 
92 per cent; com, 76 per cent; and sorghum, 84 per cent. 

A summary of the water requirement of the different crops grown 
at Akron, Colo., in 1911 is given in Table XV. In cases where 
several varieties of the same crop have been tested, the mean water 
requirement of the different varieties is given; and where several 
cuttings were made during the season, as with alfalfa and sweet 
clover, the mean for the season is given. It will be seen that wheat 
occupies a central position in this series, falling next to barley, the 
water requirement of which is very nearly the geometric mean of 
the limits of the series. 

Table XV. — Summary of the water requirement of crops grown at Akron, Colo,, in 1911. 



Crop. 



Wheat: 
Kubanka. 



Bluestem 

Galgalos 

Sprmg Ghirka. . 

Cmmer 

Oats: 

Sixty-Day 

Canadian 

Burt 

Swedish Select. . 
Barley: 

Hannchen 

Beldi 

White Hull-less. 

Beardless 

Rye: 

Spring 

264 



Period of growth. 



/May 13 to Aug. 2 
\ do 

May 13 

May 13 

May 13 
do. 



to Aug. 7., 
to Aug. 1.. 
to Aug. 4., 



May 13 
May 13 

do. 

May 13 to Aug. 7. 



to Aug. 2. . 
to Aug. 12. 



May 13 
May 13 
May 13 
May 13 



to Aug. 12. 
to Aug. 1.. 
to July 31.. 
to Aug. 1.. 



May 13 to Aug. 6. 





Water requirement 
based on— 


Pot N08. 






• 


Grain. 


Dry matter. 

468±8 
422±6 
531±5 
496i:4 
506±3 
534 i: 14 


1-6, 199-204 
7-12 
13-18 
19-24 
25-30 
79^84 


1,191±14 
l,184i:36 
1,786±60 
1,245±13 
1,382±43 
1, 180:t42 


31-36 
37-42 
43-48 
4»^ 


1,883-1-30 
2,204±140 
U600±57 
1,632±35 


605 i:5 
508±14 
630±7 
615±7 


5&-60 
61-66 
67-72 

74-78 


1,134±27 
1,155±18 
1,475±40 
l,210:i:38 


527 i:8 
5tii:2 

542±3 
544 i:9 


85-«) 


2,215±37 


724±7 



Hemarks. 



Fertilised. 
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Tabls XV .—Summary of the water requirement of crops grovm at Akron, Colo., in 

/9i/— Oontinued. 



Qrop. 



MOlet: 

Kunk 

German 

Buckwheat 

Corn: 

Northwestern Dent 

Iowa Bflvermhie 

Baperaosa 

Sorgfuim: 

Red Amber 

Dwarf mflo 

BtackhuUkirflr 

White durra. 

Brown kaollanc 

AllUfc: 



Qrimm. 



Sugar beet: 
Monison- grown Kleln- 
wanxleben 



Canada field pea. 
Rape 



Sweat ctover. 



Potato: 
Irish Cobbler. 



Amaranthua retroflexus. 

Amannthus graeofaans. . 

ArtemJaiafrMda 

SaboiapeatllSr 



Period of growth. 



May 13 to Aug. 9.. 
May 12 to Aug. 21. 
June 10 to Sept. 16. 

May 24 to Aug. 23. 
May 24 to Sept. 4.. 
May 12 to Aug. 21. 

May 12 to Sept. 4.. 

do 

May 12 to Sept. 3.. 
May 12 to Sept. 5.. 
May 12 to Sept. 6. . 

(May 13 to July 19.. 
July 19 to Sept. 18. 
Sept. 18 to Oct. 22. 
May 13 to Oct. 22. . 



WunelOtoSept. 19. 



May 13 to Aug. 7.. 
Aug. 18 to Oct. 17. 
May 13 to July 19.. 
July 19 to Sept. 21. 
May 13 to Sept. 21. 



{ 



June 10 to Sept. 19. 

Aug. 5 to Sept. 15. 
do 



June 10 to Sept. 21. 
June 10 to Sept. 0. . 



Pot N08. 



157-ie8 

163-166 

198-196,173 

109-114 
115-120 
121-126 

127-132 
133-138 
199-144 
145-150 
151-156 

91-96 
91-96 
91-96 
91-96 



175-180 



103-106 
37-42 
97-102 
97-102 
97-102 



169-172, 174 



1-6 

7-12 

31-36 

79-84 

187-198 

181-186 



Water requirement 
based on— 



Grain. 



923^40 



1,Q87±33 
2,040±340 



1,404±200 

1,123^57 

8Q3±26 

806±12 

726±12 



I 



629±18 

110±3 

2,218^100 



994±38 
166^4 



Dry matter. 



287^2 
263d: 15 
578^13 

368i:10 

420±3 

319±5 

296±4 
333d:3 
278±6 
321i:2 
301i:3 

1,006 i:26 

1,354±22 

520±9 

1,066±16 

377±8 



800±17 
441d:12 
675±5 
79S±12 

709±9 

448±11 



356d:4 

274±3 

277±4 

275±7 

765±24 

336i:5 



Remarks. 



Combined « tor 
son. 

Based on dry mat- 
ter and dry roots. 

Based on green 
roots. 



Combined for 
son. 

Based on dry mat- 
ter and my tu- 
bers. 

Based on green tu- 
bers. 

Outside theshelter. 

Fertilised. 

Inside the shelter. 

Outside the shelter. 



SUMMAKT or Water RiqunKifKNT or Crops Based upon the Means or Dipperent Varieties. 



C^op. 



AlfsUa 

Canada field pea... 
Artemisia (native). 

Spring rye 

Sweet elover 

Oats 

Buckwheat 

Barley 



Water re- 
quirement. 



1,068 
800 

765 
724 
709 
614 
578 
539 



RelatlTe 
water re- 
quirement 
compared 
with wheat. 



211 
158 
151 
143 
140 
122 
114 
106 



C^op. 



Water re- 
quirement. 



Wheat.... 
Potato.... 

Rape 

Sugar beet 

Com 

Weeds.... 
S<wghum.. 
Mflfet 



507 
448 
441 
377 
360 
322 
306 
275 



Relative 
water re- 
quirement 
compared 
with wheat 



100 
88 
87 
74 
73 
63 
60 
54 



Millet, sorghum, and com have a water requirement ranging from 
275 to 370, the small grains from 510 to 700, and the legumes from 
710 to 1,070. Sorghum and com are long-season crops, making their 
best growth during hot, dry weather. The small grains are short- 
season crops, which grow well during cool weather. Notwithstand- 
ing these facts, the water requirement of the small grains is higher 
than that of sorghum and com. 
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Of the crops which produce grain, millet and sorghum consume 
about one-half the amount of water required by oats, barley, and 
wheat for the production of an equal quantity of diy matter. 

Forage crops cover the whole range in water requirement, millet 
producing almost four times as much dry matter with the same 
amount of water as alfalfa, three times as much as spring rye, and 
two and one-half times as much as sweet clover. 

The water requirement of the introduced weeds is comparatively 
low, while the native plant Artemisia frigida has a relatively high 
water requirement. 

The water requirement of millet and sorghum based on grain pro- 
duction is about one-half that of oats and about two-thirds that of 
wheat and barley. 

DBTEBMINATION OF THE WATEB BEQTJIBEICENT OF CBOPB IN 



The determination of the water requirement of crops growing in 
the field under normal conditions is attended with a good deal of 
uncertainty, owing to the fact that the evaporation from the soil 
surface is not known. The actual change in the soil-moisture content 
during the experiment can be measured, and the probable error of 
these measurements can be calculated; but these measurements 
necessarily include the evaporation from the soil surface, which should 
not, of course, be charged to the water requirement of the plant under 
investigation. A second element of uncertainty arises in connection 
with the precipitation. The total precipitation during the growth 
period is usually included in the determination of the water require- 
ment. It is evident that this may give values which are entirely too 
high, particularly in regions of torrential rainfall, owing to the nm-oflf 
which occurs during such rains. The writers have endeavored to 
avoid this error in their field measurements by making daily determi- 
nations of the soil-moisture content and charging to the crop only that 
portion of the rainfall which actually penetrates the soil, as shown by 
the differences in the daily soil-moisture determinations before and 
after each rain. This will be referred to in more detail later. 

WATEB BEQUIREMENT OF KUBANKA WHEAT GROWN UNDER FIELD 

CONDITIONS IN COLORADO. 

FIELD EXPERIMENTS IN 1910. 

A one-half acre plat of Kubanka wheat (G. I. 1440), grown on land 
which had raised a cultivated crop the previous year, was used in the 
1910 experiments at Akron, Colo. The conditions were not particu- 
larly favorable, owing to the lack of uniform distribution of the 
moisture in the soil, as is often the case in regions of limited rainfall. 
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The initial moisture content was determined to a depth of 6 feet by a 
series of samples taken on sbc consecutive days during the period of 
germination, each sample consisting of a composite of three cores. 
These samples were taken in 1-foot sections with a soil-sampling tube, 
and the moisture content of the different sections was determined 
separately, for the purpose of checking their uniformity. A similar 
series of daily determinations was taken during the six days immedi- 
ately preceding harvest. The crop at this time showed a lack of 
umfonnity, owing to the inequaUty of the moisture supply in differ- 
ent parts of the plat. Each daily determination was therefore made 
in triplicate, one sample being taken in the best wheat, a second in 
wheat of medium quality, and the third in the poorest wheat. Each 
sample consisted of three cores, as before. The average moisture 
content of these 18 samples, each sample consisting of three cores 
extending to a depth of 6 feet, was taken to represent the final mois- 
ture content of the soil. 

The season of 1910 was exceptionally dry, the total precipitation 
during the interval between the initial and final sampling amounting 
to only 1.09 inches. This was chiefly confined to three rains of 0.31, 
0.30, and 0.38 of an inch. The increase in soil-moisture content, as 
shown by the difference in the daily samples taken immediately pre- 
ceding and following each rain, was added to the loss of water repre- 
sented by the difference between the initial and final soil-moisture 
determinations. The total represents the amount of water used by 
the crop expressed as a percentage of the dry weight of the soil. The 
apparent specific gravity or weight of the soil per unit volume was 
determined from a large number of samples, and from this the amount 
of water lost per unit area was calculated. 

The amount of dry matter on the imit area was determined by har- 
vesting three quadrates of grain, each 10 square yards in area, one 
being chosen from the best wheat, one from wheat of medium 
quaUty, and one from the poorest. Each sample was dried at 110° C. 
and the total dry weight and the weight of the grain determined. 
The mean of the three determinations in each case was taken to rep- 
resent the average production of dry matter and grain on the plat. 

From these determinations the following data were obtained for 
Kubanka wheat under field conditions in 1910: 

Water requirement, dry matter 570 

Water requirement, grain 1, 900 

Dry matter produced per acre pounds. . 2, 315 

Grain produced per acre (11.7 bucihels) do 700 

Water used per acre. tons.. 615 

Rainfall equivalent of water used inches. . 6 

Actual rainfall during period do 1 

Stored precipitation do 6 
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In connection with the stored precipitation it should be stated that 
heavy rains, amounting in all to about 5 inches, occurred early in 
the season, before and soon after the crop was planted and before the 
initial moisture determinations were made. The stored precipita- 
tion should not therefore be considered as having all been carried over 
from the preceding fall. 

FIKLD EXPERIMBNT8 IN 1911. 

A similar series of determinations was also carried on with 
Kubanka wheat during the season of 1911. In this work duplicate 
samples were taken every second day to a depth of 6 feet in 1-foot 
sections, each sample consisting of a composite of two cores. The 
wheat was grown on summer-fallowed land, but owing to the drought 
of the preceding season the initial water supply was limited, and while 
the precipitation during the growing period considerably exceeded 
that of the preceding year the yield was less. The precipitation 
during the growing season amounted to 3.7 inches, which came 
mainly in five rains of 0.92, 0.72, 0.64, 0.76, and 0.35 of an inch. 
Owing to the dry weather, the Russian thistle made a considerable 
growth on the plat before the wheat shaded the groimd. The 
Russian thistle on the quadrate harvested was also cut and weighed, 
and a correction was made for the amount of water used by this 
plant, assuming its water requirement to be the same as that found 
in our pot experiments. The total rainfall during the growing period, 
accounted for by the soil-moisture determinations made before and 
after each rainfall, amounted to 3.15 inches. 

A statement of the water requirement and other data connected 
with the production of the 1911 Kubanka wheat crop tmder field 
conditions follows: 

Water requirement, dry matter 862 

Water requirement, grain 2, 380 

Dry matter produced per acre pounds . . 1, 765 

Grain produced per acre (10.7 bushels) do 646 

Water used per acre tons.. 761 

Rain&U equivalent of water used inches. . 6. 7 

Rainfall accounted for from daily sampling do 3. 15 

Stored precipitation do 3. 55 

The water requirement of wheat grown imder field conditions 
in 1911 is much higher than that obtained from the pot experiments 
or under field conditions during 1910. The writers are inclined 
to the opinion that this discrepancy is duo to the assiuuption that 
the seasonal rainfall, or particularly that part of it which pen^ 
trates the soil, is as available to the crop as that already stored in 
the ground. Crops like wheat reduce the moisture content of the 
surface foot of soil to the wilting coefficient (Briggs and Shantz, 
1912), or below, during the early stages of their growth. If during 
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this period rains do not replenish the moisture supply of the surface 
foot, the roots in this area soon become inactive. Consequently, 
subsequent rains which do not penetrate beyond the surface foot 
appear to be of much less value than an equal amount of water in 
the neighborhood of the active roots, owing to the fact that the 
water from the rain is largely lost through evaporation before the 
plants can establish new rootlets to take advantage of this temporary 
water supply. That a condition of this kind exists in the Great 
Plains is indicated by the fact that the water requirement of the 
wheat crops of 1910 and 1911, when the seasonal precipitation is 
ignored, agrees within the limits of experimental error with each 
other and with the water requirement of Kubanka wheat as deter- 
mined in the pot experiments. The comparison may be made from 
the data given in Table XVI. 

Table XYI. — Companion of the water requirentent of Kubanka wheat crops grown 

under field oonditwne and in poie, ai Akron, Colo. 



Class of experiments. 



Field experiment, 1910. 
Field e]q)erim6nt. 1011 . 
Pot experiment, 1911. . . 



Water requlramentr— 



lochidiiiK rainftdl 
during growthr— 



Based on 
dry matter. 



700 
863 



Based on 
grain. 



3,316 
3,3ffi 



Exclading ndniUl 
during growth- 



Baaed on 
dry matter. 



4fl6 
466 

4G8±8 



Based on 

grain. 



1,780 
1,614 
1,106±15 



DETERMINATION OF AVAILABLE PRECIPITATION BY DAILY SOIL 

SAMPLING. 

It is of interest to compare the increase in soil-moisture content 
found by sampling in the experiments just described with the 
actual rainfall as measured by the rain gauge. The results for 
the principal rains which occurred during the growing seasons of 
the two years are given in Table XVII. For convenience in com- 
parison, the increase in soil moisture has been expressed in terms 
of inches of rainfall. The penetration refers to the thickness of the 
layer of moist soil at the time of the first sampling following the rain. 

Table XVII. — Compariaon of the amount of rainfall vrith the increase in soil water as 
determined by daily sampling at Akron, Colo., in 1910 and 1911. 





Prectirftation^ 


Depth 
ofpen»> 
tration. 


Date. 


Predpitation— 


Depth 


Date. 


Actual. 


Focmd 
Bampung. 


Actual. 


Found 
sampling. 


of pene- 
tration. 


1910. 
June 24. 


Inches. 
0.31 
.30 
.38 


Indies. 
0.80 
.34 

.18 


Inches. 


1911. 
May 37-38 


Indies. 
0.92 

.64 
.76 


Indies. 
1.00 
.80 
.55 

.55 


Indies. 


Julyl 




June 16 


6.5 


July 4 




June 35 


6.0 






July 12 


4.5 
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In 1910, samples were taken daily and each detennination is 
based upon the mean of nine cores. In 1911, samples were taken 
every second day, four cores being used in each determination. 
When rain fell, additional samples were taken as soon as the rain had 
ceased. The measurements in Table XVII serve to give an idea of the 
accuracy which was attained by this method. No heavy torrential 
rains occurred in either year during the growing period, so that the 
determinations did not include measurements made under the most 
unfavorable conditions for the absorption of the rainfall. Although 
the daily samples need to be taken only to a depth of 2 feet for the pur- 
pose of determining the amount of rainfall which has been absorbed, 
it is necessary to include a number of cores in each determination 
to insure a reliable value, and the determinations represent in the 
aggregate considerable work. In regions free from torrential rains 
or where the measurements can be carried on during the dry season 
it appears practicable from the results in Table XVH to restrict the 
measurements to the initial and final determinations and to add to 
the water lost, as calculated by these measurements, the intervening 
rainfall as measured by the rain gauge. In regions of torrential 
rains, however, this procedure would be attended with great uncer- 
tainty, due to the run-off and to rain-gauge errors, so under such cir- 
cumstances the writers believe daily sampling or sampling every sec- 
ond day, with additional sampling following each rain, to be necessary. 
Even this method probably gives a water requirement which is 
somewhat high, due to the fact that plant roots in the more advanced 
stages of growth are often inactive in the first 6 inches of the surface 
soil, which in dry periods is the only portion moistened except by the 
heaviest rains. 

The daily moisture curves for 1910 and 191 1 give no indication that 
the rains penetrated the second foot. While the number of determi- 
nations is too small to warrant definite conclusions on this subject, the 
experiments so far indicate strongly that rains of even 0.6 and 0.8 
inch are of little value to a wheat crop in the Great Plains, provided 
the preceding weather has been so dry that the plants have exhausted 
all available water to a depth of a foot or more, so that all the active 
rootlets are confined to lower depths. 

WATEB BEQX7IRE1CENT AS AFFECTED BY CLIMATIG CONDITIONS. 

The variation in the water requirement of a given crop in a given 
locality from year to year may be looked upon as a measure of the 
integrated result of the climatic factors which are constantly varying 
during the period of growth. In attempting to effect a correlation 
between the water requirement and the intensity of the climatic 
factors as expressed by daily measurement, one is at once confronted 
with the difiiculty arising from the fact that the plant during a 
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large part of its growing period is steadily increasing in size and 
weight. As a result, severe climatic conditions have a far less influ- 
ence upon the water requirement in the early stages of growth, when 
the leaf area is small, than during the period when the crop is develop- 
ing dry matter most rapidly. Therefore, in order to make an effec^ 
tive comparison of the water requirement with climatic conditions it 
is necessary to weigh the climatic factors at various stages of the 
growth of the crop, according to the dry weight of the crop at these 
chosen stages. 

A summary of the climatic conditions prevailing at each station 
in the Great Plains where water-requirement experiments were made 
in 1910 and 1911 is given in Table XVIII.* The daily measurements 
are summarized in 5-day periods, and the table shows the average 
daily temperature during this period, the mean of the maximum 
temperatures, the mean of the minimum temperatures, and the 
extreme temperatures during the period; the total rainfall and the 
total evaporation from a free water surface, as well as the average 
wind velocity, are also given. 

Table XYllL— Climatic data/or Akrouy Colo., and Dathart, Tex., in 1911. 

OB8EBVAnOMS AT AK^OK, COLO. 



Date. 



Month. 



April. 



Iby. 



June. 



JiiJy. 



Days (In- 
clusive). 



lto5 
6 to 10 
11 to 16 
16 to 20 
21 to 26 
26 to 30 

lto5 
6 to 10 
11 to 15 
16 to 20 
21 to 25 
26 to 31 



Mean 

80U 

tem- 



tore. 



'F. 



lto5 




46 


6 to 10 




44 


11 to 15 


51 


41 


16 to 20 


58 


50 


21 to 25 


58 


51 


26 to 30 


53 


48 


lto5 


48 


44 


6 to 10 


64 


60 


11 to 15 


66 


64 


16 to 20 


66 


58 


21 to 25 


65 


64 


26 to 31 


64 


59 



74 
75 
79 
72 
81 
79 

80 
84 
80 
75 
79 
83 



AJr tempvatoie <*F.)- 



Of 



70 
69 
70 
67 
78 
73 

71 
73 
70 
67 
68 
73 



Of 
ima. 



64 
59 
57 
67 
62 
62 

56 

76 
80 
76 
78 
73 

87 
88 
90 
78 
91 
92 

88 
90 
86 
80 
84 
90 



Of min- 
ima. 



26 

as 

29 
40 
36 

34 
43 
45 
42 

45 

47 

50 
49 
00 
54 

56 
58 

57 
66 
66 
65 
62 
56 



Maad- 
mnm. 



77 
67 
69 
69 
81 
75 

68 
87 
84 
91 
91 
85 

90 
93 
96 
90 
92 
98 

93 
94 
93 
86 
92 
95 



Mini- 
mum. 



24 
16 
19 
26 
39 
20 

28 
30 
35 
36 
34 
36 

47 
43 
45 
48 
51 
50 

64 

46 
54 

53 
46 
4» 



Precipi- 
tation. 



Indkea, 

0.16 




Trace. 

1.74 
.73 

.08 
.04 
Trace. 
.16 

.92 

Trace. 

Trace. 
.07 
.66 
.66 
.10 

.12 
.01 
.77 
.44 


Trace. 



Wind 
Evapo- velocity 



ration. 



0.98 
.93 
1.18 
1.12 
1.02 
.62 

.34 
1.17 
1.52 
1.72 
1.37 
1.20 

1.68 
1.64 
1.62 
1.30 
1.67 
1.86 

1.70 
1.72 
1.60 
.88 
1.69 
2.09 



hour. 



8.5 
8.8 
7.0 
7.7 
10.8 
11.6 

9.4 
8.5 
10.2 
11.4 
8.9 
9.7 

8.2 
7.3 
6.9 
8.0 
6.3 
8.5 

7.8 
7.3 
7.5 
6.4 
7.3 
6.4 



> These data form a part of the climatic measurements made in co op ei atluu with the Office of Dry-Land 
Agriculture, Bureau of Plant Industry, at each of the dry-la&d statloiis. 
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TJiBLmXVllh— Climatic data /or Akron, Colo., and Dalhart, Tex. yinl9U— Continued. 

Obobevations at Ammjojk, CoLo.—Contiiiued. 



Date. 



Month. 



August. 



September. 



Days (in- 
clusive). 



lto5 

6 to 10 

11 to 15 

letoao 

21 to 25 
26 to 81 

lto5 
6 to 10 
lltol5 
16 to 20 
21 to 26 
26 to 30 



Mean 
soil 
tem- 
pera- 
ture. 



75 
83 
80 
83 
71 
73 

73 
73 
75 
66 
67 
66 





Air temperature (*F.). 




Precipi- 


Evspo- 


Avefag*~" 










Maxi- 
mum. 


Mini- 
mum. 


tation. 


ratioQ. 








Of 


Of max- 


Of min- 










means. 


ima. 


ima. 




















/iickM. 


/ncftet. 


67 


87 


53 


01 


48 


.20 


1.02 


78 


01 


87 


00 


40 


.82 


1.87 


74 


80 


61 


06 


50 


.10 


L85 


73 


02 


58 


07 


63 





L50 


61 


74 


48 


84 


41 


Trace. 


1.30 


67, 


86 


50 


04 


45 





•1.80 


67 


86 


53 


04 


49 


1.75 


1.63 


64 


79 


52 


87 


49 


.16 


1.04 


70 


86 


57 


05 


52 


.12 


1.27 


50 


76 


44 


86 


30 





1.44 


61 


80 


44 


88 


36 





1.00 


61 


76 


40 


85 


48 


.37 


.80 



Wind 
velocity 

hour. 



10.1 
7.4 
5.0 
7.0 
9.6 
&3 

7.4 
6.9 
6.8 
8.9 
6.0 
6.8 



OBBBftVAnoM At DALHABT| TeZ. 



April. 



ICay. 



June. 



July. 



August. 



September. 



lto5 
OtolO 
11 to 15 
16 to 20 
21 to 25 
26 to 30 

lt05 
6 to 10 
11 to 15 
16 to 20 
21 to 25 
26 to 31 

lto5 
6 to 10 
11 to 15 
16 to 20 
21 to 25 
26 to 30 

lto5 
OtolO 
11 to 15 
16 to 20 
21 to 25 
26 to 31 

lto5 
OtolO 
11 to 16 
16 to 20 
21 to 25 
26 to 31 

lto5 
6 to 10 
11 to 15 
16 to 20 
21 to 25 
26 to 30 



54 

53 
57 
60 
58 
61 

62 
70 
64 
66 
60 
68 

74 
79 
80 
81 
82 



54 

49 
60 
57 
65 
57 

65 
68 
62 
65 
70 



77 
77 
76 
74 
82 
80 

81 
78 
75 
75 
72 
75 

74 
82 
82 
83 
64 



74 
71 
77 
67 
74 
72 



72 
63 
66 
74 
66 
74 

70 

88 
77 
80 
84 
81 

92 
93 
90 
89 
98 
93 

03 
92 
87 
89 
83 
92 

80 
99 
95 
98 
74 
82 

91 
85 
93 
86 
01 
87 



41 
36 
33 
40 
45 
43 

47 
51 
54 
51 
52 
57 

50 
SO 
57 
58 
62 
65 

63 
66 
63 
64 
60 
62 

62 
63 
65 
66 
55 
53 

66 
58 
61 
50 
57 
61 



84 
76 
79 
82 
81 
83 

80 
03 
84 
89 
92 
90 

97 
96 
95 
96 
105 
95 

97 
94 
96 
95 
93 
95 

03 
104 
101 
102 
100 



04 
03 
06 
04 
05 



33 
30 
25 
33 
43 
30 

36 
36 
48 
43 
41 
52 

54 

53 
53 
56 
SO 
58 

61 
64 
61 
61 
54 
50 

56 
61 
61 
64 
52 
40 

55 
65 
68 
44 
43 
58 



0.06 






.42 
.11 



.05 
2.14 

.00 

1.00 





.00 


.10 


.17 
.50 

2.65 
.11 
.13 

.03 



1.66 

.18 



.06 
.10 








.42 



1.04 
1.24 
1.45 
1.46 
.80 
1.59 

1.03 
2.21 
1.42 
2.29 
1.50 
1.38 

1.82 
2.01 
1.80 
1.87 
2.41 
2.47 

2.11 
1.85 
1.24 
1.10 
1.12 
2.23 

1.71 
2.35 
1.95 
2.18 
1.22 
1.48 

1.56 
1.16 
1.63 
1.65 
1.46 
1.41 



9.5 
10.7 
9.3 
8.4 
0.7 
11.8 

lao 

12.7 

9.4 

13.3 

10.1 

8.7 

9.0 
8.8 
6.5 
7.0 
8.7 
12.6 

9.2 
9.7 
6.4 
6.3 
8.4 
7.4 

8.2 
7.7 
6.9 
6.4 
7.6 
6.7 

a.8 

6.4 
6.4 
7.1 
7.7 
8.4 



The evaporation from a free water surface is the simplest factor 
that can be chosen as a basis for correlation with the water require- 
ment, since both measurements are obviously influenced by tempera- 
ture, humidity, and wind velocity, although not necessarily to the same 
degree. Table XIX gives the water requirement of wheat and 
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sorghum grown in Colorado and Texas during 1910 and 1911, together 
with the total evaporation from a free water surface during the grow- 
ing period, computed from the data given in Table XYIII and from 
corresponding data for 1910. Table XIX also gives the ratio of the 
water requirement of the crop grown in Texas to the Colorado crop 
for each year, together with the correspondmg evaporation ratio 
during the growing period. It will be noted from this table that the 
water-requirement ratio of soi^hum is less in each case than the cor- 
responding evaporation ratio, while the water-requirement ratio of 
wheat is h^her in each case than the corresponding evaporation 
ratio. ThuS; while the figures indicate an increased water require- 
ment accompanying an increase in evaporation from a free wafer sur- 
face, the effect is very much greater with wheat than with sorghum. 
The Panhandle of Texas is recognized as more suitable for raising 
sorghum than for raising wheat, and these determinations suggest that 
climatic factors other than evaporation, such as temperature, for 
example, may be responsible for this. However, it should be kept in 
mind that the amount of evaporation given in the tables refers to that 
taking place during the whole period of growth, while the evapora- 
tion during the period of active growth would undoubtedly have 
more influence upon the water requirement than during the initial 
and final stages. 

Table XIX. — CompartBon of the relative evaporation and of the relative water requvre- 

meiU in the Oreat Plains in 1910 and 1911. 



Station. 


Year. 


Crop. 


Growing period. 


Evaporatloo. 


Water require- 
ment. 


Actual. 


Rela- 
tive. 


Actual. 


Rela- 
tive. 


Akron. Colo 


1 1910 
1 1910 
}l911 
1 19U 


Wheat.. 
Sorghum 
Wheat.. 
Sorghum 


/Apr. 18 to Aug. 2 

\Apr. fl to July 19 

/May 25 to Sept. 28 

\MaylOtoAug.28 

/Hay 13 to Aug. 2 

\Apr.25toJuIyl8 

/May 12 to Sept. 4 

\Mayl4toSept.l2 


27.7 
34.0 

33.0 
87.7 

24.8 
28.5 

35.0 
41.9 


100 
122 

100 
114 

100 
115 

100 
120 


664 

853 

356 
359 

468 
673 

298 
818 


100 


Amarfllo, Tex 


128 


Akroo, Colo 


100 


Amariflo. Tex . . ......... 


101 


Akron, Colo...... . .... 


100 


Pftlhftrt.'TffT.x 


143 


Akron, C(do 


100 


DaUiart, Tex 


105 







A summary of the evaporation measurements in Colorado and in 
the Panhandle of Texas for the April to September period is given in 
Table XX as a basis for comparing the years of 1910 and 1911 with 
the normal evaporation of those regions. It will be noted that June 
and July, 1910, at Amarillo were exceptionally severe months. The 
season of 1911 at Dalhart was normal, so far as the evaporation was 
concerned, while at Akron the year 1910 was slightly below and 1911 
slightly above the normal. 
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Table XX. — Monthly evaporation at Abron, Colo.j and at AmarUlo and Dalhart, Tex., 
for the period from April to September, indtuive, 1907 or 1908 to 1911. 





Year. 


ETApantlQO. 


BtatloD. 


April. 


Hay.. 


JuiM. 


July. 


August. 


Septem- 


8€A80Dal 

total. 


Normal. 


Akron, Colo 

AnmrlUo, Tex 

• 

Dalbart, Tex 


I 1906 
1900 
1910 
1911 

1907 
1906 
1909 
1910 
1911 

r 1906 
1909 
1910 
1011 


4.74 
4.74 
6.39 
6.85 

6.36 
7.31 
8.14 
8.50 
7.36 

6.98 
8.53 
8.54 
7.57 


7.70 
6.82 
5.79 
7.32 

8.04 
0.28 

10.02 
8.08 

10.10 

10.93 
9.90 
8.19 
9.92 


8.64 
7.00 
8.71 
9.76 

9.50 
10.38 
10.34 
12.00 
11.48 

12.06 
10.80 
12.02 
12.38 


8.47 
9.40 
9.78 
9.77 

10.68 
8.07 
9.97 

12.18 
7.48 

9.19 
11.69 
11.63 

9.71 


7.83 
8.53 
7.14 
8.93 

9.40 
8.57 
9.66 
8.80 
8.89 

9.90 
10.56 

8.81 
10.89 


8.55 
5.86 
5.81 
7.18 

7.91 
6.77 
8.42 
0.10 
7.28 

7.96 
7.85 
8.45 
8.77 


45.98 
42.35 
43.(0 
48.81 

51.96 
60.38 
56.55 
66.61 
52.59 

56.96 
59.42 
57.64 
59.24 


45.18 
54.02 
58.32 



The term ''water requirement" is used in this paper to indicate 
the ratio of the weight of water absorbed by a plant during its growth 
to the weight of dry matter produced. The investigation had for 
its object the determination of the differences in water requirement 
exhibited by the more important crop plants and some of their 
varieties with a view to determining those which are most efficient 
in the use of water under the semiarid conditions existing in the 
Great Plains. 

The plants were grown in large pots having a capacity of about 
115 kilos of soil. The pots were provided with tight covers, with 
openings for the plants, the space between the cover and the stem 
of the plant being sealed with wax. The loss of water was thus 
limited to that occurring from the transpiration of the plants. Water 
was added, as required, from graduated flasks to a 5-inch flowerpot 
set in the soil immediately below the cover. Adequate aeration was 
secured through the changes in the air volume of the soil accompa^- 
nying the changes in soil-moisture content. The plants were grown 
in an inclosure covered with a screen of one-fourth-inch mesh as a 
protection against possible hailstorms. The results of the different 
water-requirement measurements made at Akron, in northeastern 
Colorado, in 1911 are shown in Table XXI. 
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Tablb XXI. — Summary of water-reguiremerU meoiuremmts of varietiei and crops at 

Ainm, Coh,, in 1911, 



Based oh Dbt Mattke Psoducbd. 



Crop. 



AlfBlCa 

Fob, field 

ArtemMAllrisida. 

Rye.. 

Bweet clow 



OatB 

Buckwheat. 
Barley 



Wheat. 



Potato. 



Rape 

Sugar beet. 



Com. 



Weed. 



BfKg 



Millet. 



ham. 



Variety. 



Orimm. 
Canada. 



Spring. 



rBurt 

Swedish SelBot. 

Sixty-Day 

Canadian 



Beldi....: 

White HulMeBB. 
Hannohen 



BmoMr 

Marvel Blueatem.. 

Qhlrka.... 

OS 

ka 




Irtah Cobbler. 



Klelnwattxleben. . 



{Iowa Sflvermlne... 
Northwestern Dent. 
Baperania 



{AmaranthuB retroflexua. 
Salsolapestlfer 



Dwarf mllo 

White durra 

Brown kaoliang. 

Red Amber 

BlaokhuUkaflr.. 



/Kursk.. 
iQerman. 



Water reqoiramant. 



OfTviety. 



1,008±10 
800^17 
7W±M 
794^:7 
700±9 

eM±7 
616±7 
mb±6 

em±H 

678i:13 

644^9 

54Si:2 

542i:3 

637±8 

634±14 
£81 ±5 

n6±s 

496±4 
468±8 
448^11 
441 ±13 
377±8 

4ao±3 
ae8i:io 

319±6 

3fi6:fc4 
886±6 
275±7 

333±3 
331±2 
301 ±3 
296d:4 
278i:5 

287±2 
28Si:lfi 



Oforop. 



} 



1,068 
800 
766 
734 
700 



614 

578 
639 



607 



448 
441 
377 



360 



S22 



306 



376 



Re&Uve. 
oompared 

with wheat. 



211 
168 
151 
143 
140 



123 
114 
106 



100 



88 

87 
74 



73 



63 



60 



54 



BaSBD on OftAIN PBODUCBD. 



Pea, field. 
Rye 



Oats. 



Wheat. 



Barley. 



Buckwheat. 
Millet 



Sorghum.. 



Canada. 
Spring. 



Canadiaa 

Swedish Select. 

Burt 

Sixty-Day 



Marvel Bluestem. 
SprinsOhirka..., 

Oalgalos 

Kubanka 

Emmer 



White HuU4en. 



Beldi 

Hannohm. 



Kursk. 



Dwarf milo 

White durra 

Blackhullkaflr.. 
Brown kaoliang. 



2,218d:10a 
2,215±37 

3,204:tl40 
l,682:fe35 
1,500±57 
l,383i:30 

1,786±60 
1,S82±48 
1,245±13 
1,191 i:14 
l,18D:fe42 

1,475±40 
1,310^:38 
1,156±18 
1>134±27 

1,087±33 
023±40 

1,128±57 
806d:13 
808±26 
736±12 



1 



2,218 
2,215 



1,680 



1,357 



1,244 



1,037 
923 



TOO 



163 
163 



134 



100 



92 



76 
68 
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The standard field crops differ greatly as regards their efficiency 
in the use of water. Alfalfa, for example, uses four times as much 
water as millet and the more efficient sorghums in the production 
of a pound of dry matter. Com ranks next to sorghum and millet 
in efficiency in the use of water. The water requirement of the 
small-grain crops is approximately twice that of millet, but only 
one-half that of alfalfa. On the basis of grain production alone, 
the water requirement of millet and the grain sorghums is approxi- 
mately one-half that of oats and two-thirds that of wheat and barley. 

Varieties of the same crop show measurable differences in their 
water requirement. This suggests the possibility of developing 
strains which are much more efficient in the use of water than those 
now grown in dry-land regions. 

Determinations were also made during 1010 and 1911 of the water 
requirement of wheat grown under field conditions. The moisture 
content of the soil at the beginning and at the end of the experi- 
ments was determined through extensive sampling, and tlfc rainfall 
absorbed by the soil during the period of growth was also computed 
from daUy moisture determinations. The water requirement of 
Eubanka wheat determined in this way for 1910 and 1911 was 
foxmd to be 700 and 862, respectively. The water requirement of 
Kubanka wheat in the pot experiments of 1911 was only 468. Both 
seasons were deficient in rainfall during the growing period, none 
of the rains penetrating below the first foot. The rains also occurred 
at a time when the crop was drawing its moisture supply mainly 
from stored moisture in the subsoil. If the water supply through 
rains during the growing season is ignored, the water requirement 
based upon the amount of stored water removed becomes 486 and 
466 for the two years, respectively, which agrees well with the pot 
determinations. These determinations therefore suggest that wheat 
is able to make little direct use of light rains coming at a time when 
the crop is drawing its principal water supply from lower depths. 

Measurements of the water requirement of wheat and sorghum 
at Akron, Colo., and Amarillo and Dalhart, Tex., afford some indi- 
cation of the influence of climatic conditions on the water require- 
ment. The evaporation from a free water surface in northern 
Texas during the growth period of wheat and sorghuim averaged 
about 18 per cent above that at Akron, Colo. The water require- 
ment of sorghum was practically the same in the two r^ons, while 
the water requirement of wheat averaged 36 per cent higher in 
northern Texas. This indicates that sorghum is relatively better 
adapted to northern Texas and that wheat is relatively better 
adapted to Colorado. 
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B. IM. H.M. 



THE WATER REQUIREMENT OF PLANTS/ 



IL-A REVIEW OF THE LITERATURE. 



IMTBODTTCTION. 

The review of the literature relating to the water requirement of 
plants here presented was begun in connection with the writers' 
investigations on this subject in the Great Plains. The literature 
proved to be much more extensive than was anticipated, dnd it has 
consequently seemed desirable to present independently a summary 
of the investigations bearing on this subject, particularly since some 
of the papers are not readily accessible and since a review of the whole 
subject has apparently not been undertaken heretofore. In reviewing 
the papers it has appeared desirable to group them with reference ,to 
the various factors which affect the water requirement. When more 
than one phase of the subject is dealt with in the same paper, the 
special material relating to each phase of the work has been con- 
sidered in its appropriate place. In summarizing the papers the 
endeavor has been to give in tabular form the essential data of each 
investigation. This will enable the reader to draw his own conclusions 
from the experimental results independently of any interpretation 
which the writers may have given. 

Among the different subjects which have been investigated in 
relation to their effect upon the water requirement may be mentioned 
soil-moisture content, type of soil, cultivation, amount of soil used, 
fertilizers, temperature, light, humidity, carbon-dioxid content of 
the air, relative leaf area, defoliation, and duration and period of 
growth, as well as the water requirement of different kinds of plants 
when grown under comparable conditions. The division of the sub- 
ject into these groups has been largely determined by the character 
of the investigations which have so far been made, and is not pre- 
sented as an ideal division of the water-requirement problem. The 
papers which deal with any of the above phases of the water-require- 
ment problem, so far as the writers have been able to consult them, 
are discussed in the following pages. The full title and reference are 
given under "Literature cited" at the end of the bulletin. The year 
of publication in parentheses in the text following the author'^ 

1 The preparation of this bulletin vas carried on In cooperation at every stage between the Office of 
Alkali and Drought Resistant Plant InTestlgatlons and the Office of Biophysical Investigations. The 
authors' names have been placed alphabetically on the title-page. 
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name serves to indicate a citation and to identify the paper to which 
reference is made. 

In the general subject of transpiration an immense amount of 
work has been done, and it is possible in this review to consider only 
that phase of the subject which related directly to the water require- 
ment. The term "water requirement" is here used to indicate the 
ratio of the wei^t of water absorbed by a plant during its growth to 
the dry matter produced. In most of the investigations described the 
plants were grown in open pots, and in some cases no correction for 
the water evaporated directly from the soil was attempted. In such 
instances we have designated the ratio of the water lost to the dry 
matter produced as the ''water requirement including evaporation." 

Much of the work on the effect of the soil or of the nutrient solu- 
tion on plant growth and transpiration has been done with seedlings. 
In the measurement of the water requirement, however, the exact 
determination of the amount of growth is as important a factor as 
the measurement of the amount of water transpired. When the 
period of growth is short and the plants are harvested during the 
seedling stage it is difficult to determine the amount of dry matter 
produced. If the total dry weight of the plant at the end of the 
experiment is taken to represent the increase in dry matter, the water 
requirement will be too low, owing to the error of including much 
of the original dry matter contained in the seed. If a correction is 
made for the initial weight of the seed, the final weight may show a 
loss rather than a gain in dry matter (Le Clerc and Breazeale, 1911, 
p. 10), and even if a gain in weight is recorded it is impossible to 
determine how much weight was lost during the early stages of ger- 
mination. If only the aerial portions of the plants are weighed, the 
recorded increase is largely due to translocation of material and may 
bear no direct relation to actual increase of dry matter. It is there- 
fore necessary to lengthen the growth period of the plant until a 
sufficient amount of dry matter has been produced to make the error 
due to the initial weight of the seed so small as to be inconsequential 
if water-requirement measurements or transpiration measurements 
based on the increase in weight of the plant are to be of value. For 
the above reasons it was decided, after summarizing the data, to 
omit from the following discussion, except in special cases, water- 
requirement measurements based on the weight of seedlings.^ 

Investigations like that of Hohnel (1881), in which the water 
requirement of forest trees was based on the weight of the leaves 

1 The following pablloationa (arranged chronologically) oontain water-requirement measurements based 
<m the weight of seedlings: 
BoBAvm, Paui.. 

1880. Studien Ober Verdunstung. Forsohungen auf dem Qebiete der AgrikultuivPhyaik, Bd. 3, pp. 

351-490. 
1883. Nachtrag su den Studien iiber Verdunstung. Forschungen auf dem Qebiete der Agrikalta^ 
Physik, Bd. 6, pp. 7»-M. 
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alone^ instead of on the total weight of dry matter prothiced, have 
also been omitted. 

The earliest water-requirement measurements appear to have been 
made by Woodward (1699). Lawes (1850) was, however, the first 
to extend his experiments so as to include the entire growth period 
of annual crop plants. References to some of the earlier papers 
dealing with this subject are given by Buigerstein (1904, pp. 154- 
158) in his work on transpiration. Hie methods employed in some 
of the more recent investigations of the water requirement of plants 
have been summarized by Montgomery (1912). 

EFFBCfF OF SOIL FACTORS OK THB WATBB RBQTTIBBICBNT. 

EFFECT OF SOIL-MOISTURE CONTENT ON THE WATER REQUIREMENT. 

il'knkov'8 BXPBRIMBNTS. 

The effect of soil-moisture content on the water requirement was 
first investigated by D'enkov (1865, p. 162). Buckwheat {Polygonum 
fagopyrum) was planted in five flowerpots containing garden soil, and 
seven plants were grown in each pot. The potswere exposed in the win- 
dows of a room which received the sun at midday. The experiment 
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WHXELER, H. J., AND PXlfBXB, F. R. 

1906. Effect of the addition of sodiom to deiicient aaoants of potassium upon the growth of plants 
in both water and sand oulturas. Rhode Island Agricultural Experiment Station, 20th Annual 
Report, 1906-7, pp. 290-367, 1 pi. 
Kbauss, F. G. 

1906. Rice investigations. Report of first year's experiments. Hawaii Agricultural Experiment Sta> 
tion, Annual Report, 1907, pp. 67-90, pis. 5-9. 
Qabdnxb, F. D. 

1906. Fertility of soils as affected by manures. U. S. Department of Agriculture, Bureau of Soils, 
Bnllstin48,50p. 
Rbed, H. 8. 

1910. Efltet of certain chemical agents upon the transpiration and growth of wheat seedlings. 
Betanioal Qasette, v. 49, no. 2, pp. 81-100, 9 figs. 
BOUTOVOOS, G. J. 

1912. Transpiration of wheat seedlings as affected by soils, by solutioiis of different densities, and by 
various chemical compounds. Proceedings, American Society of Agronomy, v. 3, 1911, pp. 
130-191, 16 figs. See also Transpiration of wheat seedlings as aflteted by different densities 
of a complete nutrient solution in water, sand, and soil onlturee. Beihefte, Botanisohes 
Centralblatt, Abt. 1, Bd. 29, Heft 1, pp. 1-20, 8 tigs., 1912. 
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was continued for 57 <lay8. The i-esuUa of the experiments are shown 
in Table I. The water-requirement ratio in based on the water added 
to each pot instead of on the water actuaUy used. 



Pot No. 


Watar added. 




W«Wr 




RabUn. 


Lttan. 




i:i:: 


I 


0.31 


S.30 

ia.M 

S.2R 

:3s 


1 

4;ooo 





Water was not added daily, but pot No. 1 waa kept nearly satu- 
rated. The table shows that the water requirement wa.s very high, 
owing probably to the fact that the experiment 
was conducted in porous pots. Since no account 
is taken of evaporation or of the initial and final 
moisture content of the soil, the results are far 
from conclusive. 



Fittbogen (1873) conducted a series of careful 
experiments on the influence of soil-moisture con- 
tent on the water requirement of the oat plant. 
He used glass jars of the form shown in figure 1. 
Each jar contained 3 to 4 kilograms of soil, which 
rested on a 4-centimeter layer of gravel. The jar 
was closed with a zinc cover (a) having two 
tubulures. The center tubulure carried a cork (b) 
1 bored with a 6-millimeter hole, through which the 
I stems of the three oat plants passed. The other 
tubulure was kept closed with a cork stopper (c) 
except when water was being applied. Fittbogen. thus had a neariy 
closed system, and the evaporation loss must have been small. 

Five series of experiments were made with different soil-moisture 
contents, as shown in Table II. 



i^olpl 



qulremaut of pluita. 



^^. 


cpaeltr. 


ID to 30 
peroeoL 


30 to 30 
per on t. 


POMOt. 


(OtoW 
per out. 


per cut 




l.fl 
O.S 


7.8 

41«±I0 

4.1 

7ga±i3 


13.S 
*«±7 


13.3 

i,ou±i« 





















It potaoeed In eMh dBtemlnatlDn; 3 pluita per pot. 



mFittboitn'ailato. 
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Table II shows that the production of dry matter was very much 
reduced by the low soil-moisture content. The water requirement 
also decreased gradually but consistently with the decrease in the 
water content of the soil, except for grain production in the case of 
the lowest moisture content, which was apparently too low to sup- 
port good grovrth, as is shown by the small amount of dry matter 
produced. 

HBLLRIBOEL'S EXPBRIMBNT8. 

Hellriegel (1883) gives the results of three years' observations on 
the effect of soil-moisture content on the water requirement of bar- 
ley. The pots used in his investigation contained about 4 kilograms 
of soil. Surface evaporation in the experiments conducted in 1871 
was reduced by the use of covers cemented to the pots. The size of 
the opening for the plants is not stated. In his earlier experiments 
a correction for the direct evaporation was made, based upon the 
loss from the check pots. Hellriegers results are given in Table III. 

Table III. — Effect of<iifferent soil-moisture contents on the water requirement of barley, 

according to Hellriegel (1883). 



Year and produotion.i 



1860. 

Drr matter i ^«*" weight. . .grams . 
^'^y ™**^'**--\Water requirement... 



1870. 



Drv matter /Weight... ....grams. 

ury mailer. . . .^water requirement. . . 



Water content, in terms of moisture-holding capacity. 



5 per 
cent. 



0.1 
940 



10 per 
cent. 



3 
180 



20 per 
cent. 


30 per 
cent. 


40 per 
cent. 


17.9 




23.9 


2Md:10 




258±2 


14.6 
168 


19.8 
223 


21.8 
216 




Year and production. i 



1871. 
'\Waier requirement. 



Dry matter.. JWeight...., grams. 



Water content, in terms of moisture-holding 

capacity. 



5 to 15 
percent. 



8.1 
192 



15 to 25 
per cent. 



31.3 
239 



20 to 60 
percent. 



49.0 
261 



40 to 80 
percent. 



38.9 
287 



t Three pots used in each determination in 1860; single pots in 1870 and 1871. 

These results indicate also that the water requirement of plants 
decreases within limits as the soil-moisture content is lowered, but 
is also accompanied by a decrease in dry matter. In the duplicated 
series of experiments the reduction of the moisture content fi'om 
80 per cent saturation to 20 per cent reduced the water requirement 
of barley about 15 per cent. 

maercker's experiments. 

Maercker (1896) investigated the influence of soil-moisture con- 
tent on the water requirement of white mustard in connection with 
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certain fertilizer experunents. A summary of his results is given 
under "EflFect of fertilizers on the water requirement" (Table XXVII, 
p. 36). He found that white mustard grown in soil 20 per cent satu- 
rated had a water requirement nearly 30 per cent less than when 
grown in soil 60 per cent saturated. His pots were not protected 
from surface evaporation. 

schjkoedkr's ezpbrimbnts. 

Schroeder (1896) investigated the water requirement of barley when 
grown in sand moistened with nutrient solutions of different con- 
centration. The effect of different amounts of solution was also 
investigated; three series of pots being maintained, respectively, at 
80, 40, and 20 per cent of the moisture-holding capacity. His results 
are given in Table IV. The data for 1894 show a consistent reduc- 
tion in the water requirement accompan3dng a reduction of the 
moisture content of the soil. Schroeder placed less confidence in 
the results for 1893 on account of the imperfect prevention of direct 
evaporation by the layer of cotton employed for that purpose. 

Table IV. — Effect of different amounts of nutrient on the water requirement of barley in 

Russia, according to Schroeder (1896^ pp. 194^211). 





Soil 










moisture, 


Concentra- 






Year. 


In terms 


tion of 


Dry 


Water re- 


of water- 


nutrient 


matter. 


quirement. 




holding 


solution. 








capacity. 










Ptr cent. 


Percent. 


Orama. 








0.6 


38.93 


668 






.4 


28.22 


647 




( 80 


.3 


20.81 


688 






.2 


15.42 


676 






.1 


6.40 


613 






.6 


20.07 


505 


1894 » 


40 


.4 
.3 


16.84 
0.50 


470 




636 






.2 


7.72 


424 






1.2 


15.35 


338 






.8 


10.66 


398 




20 


.6 


6.36 


400 






.4 


5.87 


429 






.2 


3.53 


360 




/ 70 to 100 


1.7 


8.16 


679 




40 to 70 


2.4 


6.25 


516 




5to 40 


4.3 


3.50 


472 


1893 « 


40 to 70 
40 to 70 


1.2 

3.7 


4.33 
7.67 


414 




541 




5to 40 


6.4 


4.54 


467 




. 70 to 100 


.86 


6.28 


329 



1 Experiments were conducted In glass i>ots filled with 5 kilograms of sterile sand. The soil surface 
was covered by dlcloth and a layer of cotton. The pots were taken into a shdter during the night and 
in bad weather. Growth continued from 70 to 88 days. Only one pot was used in each culture. The 
Initial weight of the seed was deducted in estimating toe water requirement. The nutrient solution was 
the same as that used by Hellriegel (p. 13). 

> As in VSM, but the pots contained sand pins 150 grams of peat The soifMs of the pot was covered 
with only a layer of cotton. Growth continued from 71 to 113 days. 

YON SEELHORST's EXPERIMENTS. 

Von Seelhorst (1899) has determined the effect of different percent- 
ages of soil moisture on the water requirement of oat plants which 
were harvested just before the milk stage. Pots containing about 10 

285 



EFFECT OF SOIL FACTORS ON WATER REQUIREMENT. 



15 



kilograms of soil were used. His results, which are expresseil in 
tcnns of air-dry weight and include also the effects of fertilizers on 
the water requirement, are given in Table XXVIII (p. 38). The 
range in soil moisture in these experiments was small, and the effect 
upon the water requirement is not marked. 



WILMS B BXPERIMBNT8. 



Wilms (1899) investigated the effect of different soil-moisture 
contents on the water requirement of potato tubers (green weight) 
and obtained results which are in accordance with those already noted. 
The pots contained about 17 kilograms of soil and were not covered, 
but the water was applied through a liebscber air-circulation tube, so 
that the surface soil always remained dry. The results of the investi- 
gation, which includes also the effect of various fertilizers on the 
water requirement, are given in Table XXIX (p. 39). The mean 
values obtained by Wilms are as follows: 

Moisture-holding capacity per cent. . 33, 68, 80 

Water requirement green weight. . 39, 50, 62 

DA8ZEW8KI*S EXPERIMENTS. 

Daszewski (1900) determined the dry weight of the tubers from a 
few of Wilms's pots. The combined data (Table V) show that the 
water requirement was greatly increased in the soil with the higher 
water content. 

Table V. — Effect ofdiffererd amourUa of soil moisture on the water requirement of potato 

tubers.^ 





Water content, In terms of moisture-holding 
capacity. 




FertUlzer used. 


33 per cent. 


68 per cent. 


Mean water 
require- 
ment. 




Dry tubers. 


Water re> 
quiremant. 


Dry tubers. 


Water n- 
quiremoit. 




None 


Oranu, 
fiO.7 
68.8 
61.2 

go. 9 

55.7 


98 
84 
85 
87 
92 


Oranu. 
72.6 
68.8 
98.1 
147.0 
78.7 


156 
161 
131 
136 
150 


127 


NaaSO 4 


122 


KW304 


108 


KNOj 


111 


MgSOi 


121 






Moan 




89 




147 













1 Combined from Wilms (1809, p. 288-289) and Dasxewski (1900, p. 240); the data as given are the mean of 
two pots. 

portier's experiments. 

Fortier (1903), using pots 18 inches in diameter, 30 inches deep, and 
contaming 19 plants of Swedish Select oats, obtained the results given 
in Table VI. The first colunm of the table gives the total amount of 
water added to each pot expressed in terms of inches of rainfall. The 
water lost a])parently includes the evaporation from the soil, though 
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this is not definitely stated. The pots were apparently weighed only 
at the beginning and at the end of the experiment. Although the 
dry matter increased progressively with the increased supply of 
water, the water requirement reached its minimum with the use of 
from 20 to 22 inches of water, increasmg with either a greater or a 
smaller supply of water. 

Table VI. — Effect of the amount of water added on the water requirement of oaU, at 

Bozemany Mont, according to Fortier {1905, p. 107). 



Water Added. 



Jndut. 

2 

6 

14 

20 

22 

22 

32 

38 



Dry 


Water re- 


matter. 


quirement 


Oranu. 




55 


501 


76 


574 


145 


525 


235 


434 


252 


433 


264 


413 


312 


528 


316 


552 



VON SBELHORST AND bOnGER'b EXPERIMENTS. 

Von Seelhorst and Bunger (1907) conducted a fertilizer test with 
high' and low soil-moisture content, using open pots containing 12 
kilograms of soil. This experiment was made on spring wheat. 
The results (Table XXXII, p. 44) indicate a higher water require- 
ment in soil of high moisture content. 

OHLMER's EXPERIICENTS. 

Ohlmer (1908) also employed two different soil-moisture contents 
in connection witli a fertilizer experiment with wheat at Gottingen 
(Table XXXIII, p. 45). The comparison was made with 11 different 
combinations of fertilizers, and in every instance the lower soil- 
moisture content gave the lower water requirement. The average 
of all the -tests shows that a decrease in the soil-moisture content 
from 70 per cent of the water-holding capacity to 45 per cent decreases 
the mean water requirement by 12 per cent. Open pots were used. 

WIMMER's EXPERIMENTS. 

Wimmer (1908) published the results of an extensive series of ex- 
periments to determine the effect of fertilizer on the water requirement 
of carrots and ray-grass. Open pots were used, the method being 
the same as that employed by Wilfarth and Wimmer (1902). 

The results (Table VII) show no significant differences that can be 
attributed to the different soil-moisture contents employed. In sev- 
eral of the series differences are found which might be considered 
significant if they were at all consistent. As a whole, the data indi- 
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cate that within the limits of this experiment different 8oil-moiBtiu*e 
contents do not affect the water requirement of crops. The differ- 
ence in soil-moisture content was very small, usually not more than 
3 per cent. In view of this slight difference, combined with the 
uncertainty introduced by using open pots, it is not surprising that 
Wimmer's residts do not show the influence of moisture content on 
the water requirement that other investigators have observed. 

Table VII. — Effect of different soU-moisiwre contents on the water requirement o/oarroti 

and ray -grass f according to Wimmer.^ 

CARROTS.* 



1 
Year, iMsrlod, and plat. I'revious fertiliser. 


Soil 
per 
pot. 


Fertiliser 
per pot. 


Sofl 
mois- 
ture. 


ICean 

dry 

matter. 


Water 

requira- 

ment. 


llay 3 to Oct 30. 1903: 
Waldaii 33, H 35 

F1.3. 5. 7 


No potash since 1902 

do 


OratM. 
7,6M 

7,556 


Oranu, 
IOl28QN 
.280 
.280 
.700 
.701 
.700 
.280 
.280 
.280 
.700 
.700 
.700 


Peret. 
20 


Chtmu. 
21.4 
81.0 
83.1 
22.2 
31.0 
48.8 
19.6 
31.9 
32.1 
17.3 
28.5 
44.2 


420^25 
419±19 
4M±31 
309±25 
412dbl4 
886dbl6 
458dbl7 
352+10 
442±22 






470:^40 
393d:14 
800±15 



RAY-ORASS.S 



Kay 1 to Nov. 1, 1903: 
Waldau33,34,35. 



F 1,3, 5, 7. 



Jane 1 to Oct 18, 1904: 
Bl« 



B8«. 



B5«. 



E3 

Waldau 87, 88, 80. 



(No potash, 1891 to 1904; l 

{ stable manure, 1801 to 1896; > 6, 766 

[ g^-een manure, 1901. ) 



/No potash since 1902; 0.284 
\ gram PtO* per pot 



.do. 



} 7,566 



7,566 



None, 1891 to 1904. 



Same as B 1. 



No potash since 1901 . 



No potash since 1900. 



6,903 



6,791 



6,397 



7,359 



r .280 


12 


34.1 


230^20 


.280 


15 


86.4 


372±32 


.280 


18 


44.0 


829±38 


.700 


12 


43.8 


264d:10 


.TOO 


15 


62.2 


232±10 


.700 


18 


53.7 


323±10 


f .280 


12 


33.9 


323±12 


.280 


15 


44.9 


303±12 


.280 


18 


46.3 


319±19 


.700 


12 


39.6 


285d:8 


.700 


15 


51.7 


250^4 


.700 


18 


67.7 


29B±7 




15 


66.9 


302:^1 




18 


76.7 


307±21 


.155KsO 


16 


63.6 


295±34 


.155 


18 


78.6 


343^34 


.778 


16 


60.9 


260±3 


.776 


18 


80.3 


316±4 




16 


71.6 


308±8 




18 


84.5 


283i:5 


.155 


15 


66.3 


822^:22 


.155 


18 


85.9 


275^:11 


.776 


15 


68.7 


324^:3 


.776 


18 


72.9 


312^:27 




16 


67.0 


a66±14 




18 
16 


60.4 
60.8 


367 :kl 


.156 


386i:65 


.155 


18 


66.6 


376db6 


.776 


16 


67.8 


290±17 


.776 


18 


78.4 


283±11 




12 


39.7 


346i:8 




15 


44.7 


346^:13 




18 


49.9 


347±9 




12 


32.8 


343±16 




15 
18 


45.7 
55.3 


321:kll 




1 


398+42 



1 Computed from Wimmer's data (1908, pp. 43-89); mean of tliree determinations except as noted. 
> The same data in Table XLIII (p. 55), under ** EfTect of nitrogen," are recorded under 12, 15, and 18 
per cent of water, respectively. The original does not show which record is correct 
• Each pot received 0.284 gram of PsOsin 1903 and 1.130 grams N and 0.284 gram PtOi in 1004. 
4 The mean of two determinations. 

97991*»— Bui. 285—13 2 



18 

Table VII.- 



WATER REQUIREMENT OF PLANTS. 

-Effect of different soUrmoUtvre conterUs on the waier requirement of carroU 
and ray-grasSf according to Wimtner — Contmued. 

RAY-QRA8S— Continaed. 



Year, period, and plat. 



I'revkras fertillsar. 



Apr. 17 to Sept. 30, 1905: 

B31 None, 1901 to 1905. 



P3». 




H31. 



No potash, 1903 to 1905. 



F31 No potash since 1901 



Waldau « 87, 88, 80 ; No potash since ivm . 



F6> Kalnlt since 1902. 



Juetrichau sand i . 



Buhlendorf sand K 



Soil 
per 
pot. 



Orame. 



7,919 



7,768 



FertHiser 
per pot. 



Oranu, 



0.155 
.156 
.776 
.776 



.155 
.155 
.776 
.776 



7,344 


.156 
.156 




.776 




.776 




.280N 


7,768 


.280 




.380 




.280 


8,042 


.280 




.280 


7,808 









8,000 



8,000 



Soil 
mois- 
ture. 



PereL 
15 
18 
15 
18 
15 
18 
15 
18 
15 
18 
15 
18 
15 
18 
15 
18 
15 
18 
13 
15 
18 
13 
15 
18 
12 
15 
18 

9 

11.5 
14 

t 

9 
11 



ICean 

dry 

matter. 



Qramt. 
93.4 
95.6 
93.8 
98.7 
92.5 

100.4 
90.0 

113.4 
88.4 

104.3 
90.0 

102.1 
80.3 
90.6 
84.7 
93.5 
06.3 
95.9 
41.5 
46.3 
50.9 
39.9 
48.6 
46.9 
43.0 
46.0 
46.3 
41.5 
44.0 
46.4 
36.0 
36.0 
33.8 



Water 
require- 
ment. 



813i:4 

333^17 

306±31 

336i:l 

310i:7 

350±16 

305±13 

390±4 

319±33 

303±7 

313d: 17 

311 d: 7 

341 ±33 

346i:12 

311±11 

2m±i 

363±9 

331 ±3 

406±5 

440±4 

439±27 

353±19 

397±18 

458^:11 

373±35 

454±19 

533±6 

433±6 

441±5 

461 ±4 

531 ±14 

423±23 

480±37 



1 The mean of two determinations. 



PREUL^S EXPERIMENTS. 



Preul (1908) investigated the effect of different soil-moisture con- 
tents for varjdng periods upon the water requirement of wheat. 
The experiments were conducted with two different soils and the 
soil moisture was maintained at 45 and at 80 per cent of the mois- 
ture-holding capacity. Open pots were used in these experiments. 
A correction based upon the evaporation from check pots was made 
for evaporation, although it was not clear that a check was provided 
for each series of observations. The results (Table VIII) show a 
gradual decrease in the water requirement with the increase of the 
period during which the lower soil-moisture content was maintained. 
The lowest water requirement was obtained in the soil kept continu- 
ously at the lower water content. 
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Tablb VIII. — Effect of different ioil-vMrniure contents on the water requirement of 
iqiutrehead summer wheat, ^ according to Preul {1908, pp. 12-13). 



Soil moisture, in terms of moisture>holding oapacity during period. 




Mar. 12* to July 31 
ICar. 12toJuly 1... 
ICar. 12 to June 16. 
ICar. 12 to June 1 . . 
Mar. 12 to May 15.. 
Mar. 12 to May 1... 



July 1 to July 31.. 
June 15 to July 31. 
June 1 to July 31.. 
May 15 to July 31. 
May 1 to July 81.. 



Mean. 



July 1 to July 31 . . . 
June 15 to July 31 . . 
June 1 to July 31 . . . 
May 15 to Ju^r 31 . . 
May 1 to July 31... 
Mar. 12* to July 31. 
Mar. 12 to July 1... 
Mar. 12 to June 15.. 
Mar. 12 to June 1... 
Mar. 12 to May 15. 



Mar. 12 to May 1 | 187±3 



Water requirement 


in 




RiehsoU. 


PoorsolL 


158i:l 


224db4 


147^6 


220:^7 


22817 


27413 


235:1:2 


28114 


248db2 


26814 


251±1 


26113 


248±5 


26011 


209i:l 


26314 


207 db4 


2S012 


Vfi±Z 


22215 


194^:1 


25614 


1 187d:3 


24613 


210 


258 



1 Zino pots were used in these experiments. They were 33 centimeters in height, 25 centimeters in diame- 
ter, and contained 20.5 Uloframs of soil. Each series consisted of 3 or 4 pots, 96 pots beinf; used in all. 
The poor soU consisted of sood soil mixed with heath sand. Each i>ot contained 1.47 grams KiCOs and 1-65 
grams CaH^CPOOt. In aaditlon, each pot of good soil received 9.11 grams NaNOi and each pot of poor 
soil 3.04 graJDis of NaNOg. Each pot of good soil contained 18 wheat plants and the pots of poor soil 9 
wheat plants each. Several minor errors occurring in the original data nave been ocwrected here. 

s The pots of good soil were planted Mar. 12 and those of poor soil Mar. 16. 

WIDTSOB's BXPERIMBNT8. 

Widt8oe (1909) investigated the effect of the soil-moisture con- 
tent on the water requirement of wheat, sugar beets, com, and peas 
(Table IX). Maximum water contents of 10 and 20 per cent of 
saturation were chosen, and when any plant needed water all pots 
were brought up to weight. The pots were of galvanized iron, 24 
inches in diameter and 30 inches high. A single open pot of each 
crop was used for each moisture content, the evaporation from a bare 
control pot being deducted. The results for the same crop fluctuate 
to such an extent from year to year as to render conclusions uncertain 
except in the case of com, where the lower moisture content consist- 
ently gave the higher water requirement. 

Table IX. — Influence of soil-moisture content on the waler requirement of certain 

crops, according to Widtsoe (1909, p. 39). 



Crop. 



Wheat 

Sugar beets 

Com 

Peas 



Satura- 
tion. 



Percent. 
10 
20 



10 
20 

10 
20 

10 
20 



Water requirement. 



1902 



258 
511 

639 
420 

490 
406 

1,668 
808 



1903 



340 
523 

227 
696 

280 
266 

269 
780 



1904 



755 
664 

645 
403 

424 

276 

510 
1,704 



1906 



356 
261 

570 
460 

607 
306 

525 



Ratio of water requirement, low to 
high soil moisture. 



1902 



}o.51 
}l.52 
}l.21 
}2.05 



1908 



0.65 
.33 

1.00 
.34 



1904 



1.13 

1.60 

1.54 

.30 



1906 



1.36 
1.21 
2.28 



Average. 



0.9110.16 

1.171 .20 

1.531 .19 

.901 .46 
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leather's experiments. 

Leather (1910) has also mvestigated the mfluence of the soil- 
moisture content on the water requirement of wheat and com at 
Pusa, India. His determinations are given in detail in Table XXXIX 
(p. 51), each determination being based upon a single open jar. 
From these measurements the writers have computed the mean water 
requirement obtained for each soil-moisture content when different 
fertilizers were used. These means are to be found in the last colunms 
of the tables referred to and are, of course, comparable only in so far 
as they apply to jars of the same size and to the same series of ferti- 
lizers. A summary of the observations for each soil-moisture content, 
obtained by averaging the mean values found with pots of different 
capacity, is also given in Table X. The results are seen to be in 
agreement within the limits of experimental error. In other words, 
an increase in the moisture content of Pusa soil from 10 to 20 per cent 
of the saturation content did not affect the water requirement by an 
amount exceeding the experimental error. 

Table X. — Effed of soil'moisture content on the water requtrement of wheal and com at 

Puna, IndiOy according to Leather {1910^ p. ISS), 



Crop. 



Wheat. 
Com.. 



Year. 



{ 



1906-7 
1907-8 

1907 



Total pots 

used with 

eacfairater 

content 



8 
6 

9 



Water requirement with— 



10 per cent 
water. 



747 
662 

414 



15 per cent 
water. 



707 



404 



ao per cant 
water. 



737 

748 

436 



kibsselbach's experiments. 

Kiesselbach (1910) has measured the effect of soil-moisture content 
on the water requirement of com at Lincoln, Nebr., using covered 
4-gallon glazed stone jars, containing 14.5 kilograms of dry loam. 

Water was added through a tube to a reservoir formed by inverting 
a 4-inch flower pot in the bottom of the jar. Surface evaporation was 
prevented by the use of gravel and parafiBned parchment paper. 
The plants were grown in a cornfield, one plant to a jar. An oilcloth 
cover was used on each jar to keep out rain, and a temporary canvas 
cover was put on during rainstorms. The jars were weighed once 
in 48 hours and sufficient water added each time to restore the original 
weight. The variation in degree of saturation during this period 
ranged from 5 to 10 per cent. The plants were harvested shortly 
after the silking stage. The results are shown in Table XI. The 
plant grown in soil 20 per cent saturated wilted when the conditions 
gave rise to high transpiration. This may be associated with the 
slightly lower water requirement recorded in the case of these plants. 
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No differoncPB in thp wat#r requirement greater than the probable 
error occur in the case of the plant^s grown at other degrees of satura- 
tion. 



BttonUcin. 




based on dry wclghU 


roots. 




-sr 


Perctnl. 

W 

SO 

40 




1 

170 


24a±S 

233±7 
201±5 



KUBBEI.BACH A 



i HONTOOHKRY's BXPERIKEKTfl. 



Kiesselbach and Montgomery (1911) extended Kiesaelbach'8 
investigation with com, using large pots in which the plants were 
brought to maturity. Single plants 
were grown in galTanized-iron pots 16 
inches in diameter and 3 feet deep. 
The construction of their potometer 

is shown in figure 2. Waterwasadded , 

through a perforated f-inch brass pipe 
15 feet long bent in the form of a heli- 
cal coil. Evaporation from the soil 

was minimis ed by a layer of gravel 3 * 

inches deep. Rain was excluded with 
the aid of a galvanized-iron lid having 

a 4-uich opening in the center for the B 

plant, the opening being covered with 
oilcloth closely fastened about the 
cornstalk. The potometers were lo- 
cated in a cornfield and were appar- 
ently sunk in trenches so that the tops 
of the potfl were level with the surface 
of thesurroundingfield. The potom- 
eters were mounted on email, indi- ''SoS-.^^Vy"i^°^S'»™S't''^"''-^^ 
vidual trucks and were run on "o"'"™"'**'"™- 
tracks to a platform scale which was mounted on a cross track. 

Five different degrees of soil saturation were maintained, namely, 
100, SO, 60, 45, and 35 per cent. Saturation was regarded as the 
amount of water retained by the soil when drainage had ceased after 
pouring water on the soil surface. One hundred pounds of water 
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were required to saturate 260 pounds of moisture-free soU in each 
potometer. The average moisture contents, expressed in terms of 
the dry weight of the soil, would then be as follows: 38, 31, 23, 17, 
and 13.4 per cent. The nonavailable moisture was estimated at 12 
per cent. This gave a very small margin of available moisture in 
the driest pots, and these plants often wilted and rolled. The average 
dry weight (based upon four plants) and the moisture requirement 
for the different degrees of saturation are given in Table XII: 

Table XII. — Effect of soil-moisture content on the water requirement of com, according 

to Kiesselhach and Montgomery (1911 , p. 91). 



Saturation. 


Dry weight. 


Water re- 
quirement 


Percent. 

100 
80 
60 
45 
36 


Grame. 
373 
484 
442 
297 
112 


290± 4 
263d: 5 
239±10 
2S0i: 7 
261 ±17 



Eaesselbach and Montgomery attribute the higher value obtained 
in ^'saturated" soil to some physiological disturbance, indicated by 
the reduced plant growth. The plants grown in soil 45 per cent 
and 35 per cent saturated were also much smaller than the others. 
Diminished growth is often accompanied by an increase in the water 
requirement. This is partly offset in the present case by the fact 
that the evaporation conditions to which the shorter plants were 
subjected were less severe. The relative evaporation from jars of 
water placed at 0, 2, 4, 6, 8, and 10 feet above ground in the cornfield 
was respectively 1, 1.15, 1.32, 1.63, 1.65, 1.75. 

A consideration of the probable errors indicates that an actual 
reduction of the water requirement accompanies the reduction of 
the saturation water content from 100 to 80 or 60 per cent. A 
further apparent reduction also occurs when the saturation water 
content is reduced to 45 per cent, but as already stated this may be 
due to the protection given by the taller surrounding plants. The 
probable error in the series with the lowest water content (35 per 
cent saturated) is so high as to make conclusions uncertain. 

PFEIFPER, BLANGK, AND FlA^QEL^a BXPEBIMBNT8. 

Pfeiffer, Blanck, and Fliigel (1912) carried on a series of experi- 
ments with oats to determine the effect of different soil-moisture con- 
tents on the water requirement. About 18 kilograms of sand were 
used per pot. The plants were grown in three series, one kept con- 
stantly at 10 per cent soil moisture, another at 7 per cent, and a third 
allowed to fluctuate between 10 per cent and the wilting point (4 per 
cent). Twenty-four plants of Ligowo oats were used per pot. The 
pots were kept in the greenhouse during rainy weather and moved 
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out at oilier times. The experiments extended from April 29 to July 
16 and July 30. The results of these investigations are given in Table 
XIII. The plants were grown in open pots, without bare check pots, 
but a correction for loss due to evaporation from the soil surface was 
made in the following way: The mean value of the water consump- 
tion and of dry matter, respectively, for four pots from each moisture- 
content series, grown without nitrogen, was subtracted from the water 
consumption and dry matter of each individual fertilized pot of that 
series. The ratio of the remainders was taken to represent the water 
requirement of the plants grown in that pot. This correction ranges 
from nearly one-half of the total water consumption in the case of the 
low-nitrogen pots to about one-seventh of the water consumption in 
the high-nitrogen pots. 

An analytical examination of this method of correcting for evapo- 
ration shows that it can not be justified. 

Let to— total water transpired and evaporated from pot without n^rogen. 

t —total water transpired and evaporated from pot with n:^^rogen. 

«^s water evaporated from soil of pot without nitrogen. 

e —water evaporated from soil of pot with nitrogen. 
t(;o=dry weight of unfertilized plants. 
w »dry weight of fertilized plants. 

r^ss water requirement of unfertilized plants. 

r =s water requirement of fertilized plan to. 

Then, by definition, hn^^ (i\ 

and, similarly, t-e ,.. 

w ^ ' 

Subtracting equation 1 from equation 2, we have — 

Pfeiflfer, Blanck, and Fltigel, in calculating the water requirement, 
took the difference between the water loss from the fertilized and un- 
fertilized pots and divided this by the corresponding diflFerence in dry 
weight. The quotient was considered to be the water reqidrement 
of the plants in the fertilized pot. Expressed as an equation, this 
becomes — 



w-w^ 



^=r w 



or, t— to=no— fti;^. (5) 

Subtracting equation 5 from equation 3, we have— 

which is the assumptiqn that PfeifFer, Blanck, and Fltigel really make 
in following their method of reducing tlie results. Writing equation 
6 in the form — 






it will be seen, first, that their assumption is that the difference in the 
transpiration ratios of two series is proportional to the difference in 
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the amount of soil evaporation from the series, factors which obvi- 
ously have no dependence one upon the other; and, second, that 
if the soil evaporation from the two series was made equal, the water 
requirement of the two series would have to be equal, irrespective of 
the method of treatment! It is evident from this analysis that the 
method of reduction employed by Pf eiffer, Blanck, and Flfigel is not 
sound, and that consequently no weight can be attached to the data 
as given. The data without the correction for evaporation are, 
unfortunately, not given in the original paper. 

Tablb XIII. — Effect of different soil-moisture contents on the water requirement of 
oats^ according to Pfeiffer, Blanch, and FlUgel (2912, p. tSO). 



Nitrogen 
applied 
per pot." 


Water requirement with— 


High water 

content, 

10 per cent 


Low water 

content, 

7 per cent. 


Varying 
water con- 
tent, 4 to 10 

percent. 


High water 

content 
and shade, 
10 per cent. 


ICean. 


(Tranw. 
0.855 
.710 
1.065 
1.420 
1.775 
2.130 

Mean 


307 db5 

38R-I-4 
372 d:3 
373±6 
397^4 
414±7 


348^:5 
841±2 
304±7 
371d:3 
386i:5 
372i:4 


344±1 
281±4 
273db3 
292±4 
307 i:4 
301±4 


406±2 
410±2 

S02:i:4 
401±4 
433d:4 
383±4 


374 
857 
336 
850 
381 
368 


300±2 


354i:2 


300±2 


410±2 » 


363 



1 Twenty-four plants of Ligowo oats were grown in each pot. The pots contained 18 Idlograins of aaiid 
of low moisture-nolding capacity. There were four itots lor each determination. The dry matter pro- 
duced is not given. 

* Applied as ammonium nitrate. 

• Pfelffer, Blanck, and Flfkgel omitted four pots in calculating this mean because the plaata were not 
artificially shaded. These pots apparently formed the series whose mean is 883±4. 

CONCLUSIONS. 

In general, the results of the experiments herein recorded show an 
increase in the water requirement when the water content of the 
soil approaches either extreme. Many of the experiments were con- 
ducted in open pots and the evaporation estimated by means of 
check pots, which is an uncertain procedure. Extreme moisture 
conditions might, however, affect the water requirement indirectly. 
With a high water content, the aeration would be reduced and the 
soil solution would be diluted. In the case of soils kept at a low 
water content, the small amount of water required from time to 
time to bring the pot to normal weight is sufficient to moisten only 
a comparatively smaU portion of the soil mass. In effect, then, the 
low soil-moisture plants are growing in a very restricted soil mass as 
compared with plants grown with an optimum soil-moisture content. 
This condition might cause an increase in the water requirement of 
plants grown in a comparatively dry soil due to a deficiency of plant 
food. In view of these considerations the writers believe that the 
direct influence of soil-moisture content on the water requirement 
can not be established without further investigation. 

285 



EFFECT OF SOIL FACTORS ON WATER REQUIREMENT. 



25 



EFFECT OF SOIL TYPE ON THE WATER REQUIREMENT. 

MARIJE-DAYY'S EXPERIMENTS. 

Mari6-Davy reports experiments (Table XIV) which were designed 
to show the effect of different soils on the water requirement of wheat 
for grain production. In the first series (1875), 2-liter glass con- 
tainers with small necks were employed and direct evaporation 
practically eliminated. Each soil was given 10 different treatments, 
but since the different soils received the same series of treatments, a 
comparison on the basis of the soil is possible. In the later experi- 
ments (1876) large, open casks, 1 meter square, were employed. A 
single cask of soil was used in each treatment, leaf mold being added 
in varying amounts. The addition of the leaf mold does not appear 
to have had bene^cial effects except in the case of soil from Saint- 
Ouen. In all other cases it increased the water requirement of 
wheat for grain production. The total dry matter is not recorded 
and no adequate description of the soils is given. The differences 
recorded are probably due partly to soil differences,, although the lack 
of agreement in the two tables indicates rather high experimental 
errors. It is probable, however, that had the water requirement 
been comp\ited on the total dry matter the results would have been 
modified. The addition of leaf mold often increases the straw as 
compared with the grain 3rield, and this may account for the high 
water requirement for grain when leaf mold was employed. 

Table XIV. — Effect of different soils on the water requirement of wheat , according to 

Marvb-Davy. 



Soil employed. 



IContflourls plus fertiliser 

SaintrOuen plUA fertilizer 

Qravelle plus fertiliEer 

Domecy (brown) plus fertilizer. 

Ivry plus fertilizer 

Vinoennes plus fertilizer 

Fontenay sand > plus fertilizer . . 



Montsouris plus 25 kUograins leaf moid 

Saint-Ouen plus 25 kilograms leaf mold 

Sfldnt-Ouen plus 50 kUogmins leaf mold 

Oravelle plus 25 kilograms leaf mold , 

Oravelle plus 50 kilograms leaf mold 

Domecy (brown) plus 50 kUograms leaf mold . 
Peat. 



Domecy (red) plus 50 kilograms leaf mold . 

Vincennes plus 25 kilograms leaf mold 

Vinoennes plus 50 kilograms leaf mold 

Ivry plus 25 kilograms leaf mold 

Ivry phis 50 kilograms leaf mold 



Period. 



1874 », 



1874. » 
Feb. 1 to July 23. 




300 
380 
303 
256 
328 
324 
312 
308 
313 
236 



Water re- 
quirement, 
oasedon 
grain. 



1,126 
1,034 
1,010 
1.435 
1,066 
1,015 
1,364 

964 



1,160 
913 
1.122 
1,387 
1,047 
1.015 
1,087 
1,163 

i.ia^ 

1,676 



1 1875 (pp. 300-310). Ten pots of each soil each of 2 liters capacity and each receiving one of the fertilizers 

Sven in table. Evaporation from the soil practlcaUv eliminated. In Mari^Davy (1874) many of the 
kta given in this tabfe are presented in a somewhat different form . The water requirement there recorded 
is based on total water loss and total dry matter produced by all pots, while the water requirement here 
given is the mean for the series of pots, 
s Fontenay sand received different fertilizers and only 9 pots were used. 

* 1876 Cp. 387). Conducted in open pots of 1 cubic meter capacity and 1 square meter sur&oe. No cor- 
rectfon was made for evaporation. 
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Table XIV. — Effect of different soiU on the water requirement of wheats according to 

Mari^'Davy — Continued. 



Soil employed. 



Montsocuis pliu chemical fertiliser. 

8aint-Ouen plua chemical fertiliser . 

Do 



Period. 



Gravelle plus chemical fertiliser 

Do..: 

Domecy (brown) plua chemical fertilizer. 

Peat plus ohemicai fertiliser 

Domecy (red) plus chemical fertiliser 

Vbicennee plus chemical fertiliser 

Do 



I vry plus chemical fertiliser . 



1 


1 


1 
1 


f 394 




372 




474 




479 




425 


1876.» , 


262 


Feb. 1 to July 16.., 


435 




424 




887 


1 


379 


1 


409 


I 


379 



Water re- 
grain. 



918 
956 
728 
700 
837 
1.385 
841 
811 
894 
966 
738 
9S7 



1 1870 (p. 387). Conducted in open pots of 1 cubic meter capacity and 1 square meter surface. No cor- 
rection was made for evaporation. 

In 1875 commercial fertilizer was added to all pots. The differ- 
ences in the water requirement in the different soils were approxi- 
mately the same as during the previous year, although the water 
requirement was less for each soil than in 1874. 

likbscher's experiments. 

Liebscher (1895) conducted a series of fertilizer experiments in 
clay and sand soils. His results are given in Table XXVI (p. 36). 
A comparison of the results for the two soils shows a slightly higher 
water requirement in the loam than in the sand, when the whole 
series is taken into account. The same is true also of the check 
plants grown without the addition of fertilizer. 

kino's experiments. 

King (1905) used four different types of soil in his water-require- 
ment investigations. Open pots 4 feet in diameter and 4 feet deep 
sunk in the ground in an open space were employed. Since the 
experiments were carried on at widely separated locations, differ- 
ences due to climatic conditions must also be recognized. The re- 
sults (Table XV) include the evaporation from the soil surface, which 
was unprotected. Direct-evaporation measurements were also made 
simultaneously in similar tanks in which no com was grown. Taking 
the loss from direct evaporation as 100, the total loss from the soil 
tanks containing com at the different stations in the order given in 
the table was 122, 84, 125, and 118. These ratios illustrate the 
uncertainty attending this method of measuring the water require- 
ment of crops. 
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Table XV. — Effect of different soiU on the water requirement of com,* according to 

King {1905. pp. 193-194) 



l/ooatlon. 




Evaporfr- 

tionper 

square foot 

ofBoll 

surfeoe 

per day. 



Water re- 
quirement. 



Ooldsboro, N. C 

Upper Marlboro, lid . 

Lancaster, Pa 

Janesvllle, Wis 



Norfolk sandy loam . . . 

Norfolk sand 

Hafeerstown clay loam . 
Janesville loam 



Dafs. 


Pounds. 


97 


1.1 


126 


.98 


128 


.796 


126 

1 


.988 



387 

1,152 

474 

336 



1 The variety of com used was Iowa Goldmine. 
VON 8EBLH0R8T'8 EXPERIMENTS. 

Von Seelhorst (1906) measured the water requirement of rye and 
potatoes in open pots, using loam and sand. The results (Table 
XVI) show that rye has a somewhat lower requirement in loam 
than in sand. With potatoes, however, the results were reversed, 
the sand giving a slightly lower water requirement. The data are 
too meager to be conclusive. 

Table XVI. — Effect of soil tifpe on the water requirement of rye and potatoes at Gottingenj 

according to Von Seelhorst. (1906, p. S16).^ 



Plant. 



Sand. 



Mean dry 
matter. 



Rye 

Potatoes. 



I Qramt. 
306 
1103 



Water re- 
quirement. 



486^15 
60±0 



Loaoi. 



Mean dry 
matter. 



Orams. 
700 
4,737 



Water re- 
quirement. 



375 
66 



1 Tbe water n^qulrement of potatoes is based on tbe green weight. Three determinations were made 
with each crop for sand, one determination for loam. 

WIDTSOB's EXPERIMENTS. 

Widtsoe (1909) has measured the water requirement of com and 
wheat at Ijogan, Utah, using four types of soil. Pots 24 inches in 
diameter and 30 inches high were employed. The College loam and 
Sanpete clay types were productive soils, while the sand and clay 
types were nonproductive. The experiments extended through a 
period of four years. The increased water requirement of crops 
when grown in nonproductive soils is clearly shown in the results, 
a smnmary of which is given in Table XVII. 
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WATER REQUIREMENT OP PLANTS. 



-Injiuence of soil texture on the water requirements of certain crops at 
Logan, Utah, according to Widtsoe {1909, p. S7). 





Number of trials. Water requirement. 


Crop. 


Sand. 


College 
loam. 


Sanpete 
clay. 


Clay. 


Sand. 


College 
loam. 


Sanpete 
clay. 


Clay. 


CJom 


11 
2 


46 
15 
11 
10 


12 
2 


3 
5 


561 
2,017 


386 
646 
497 
843 


408 
658 


001 


Wheat 


917 


Sumir beets 




Peas 














1 













leather's experiments. 

Leather (1910, 1911) has investigated the water requirement of 
crops grown in several Indian soils. (See effect of fertiUzing, Table 
XL, p. 52). The same crop sometimes showed a wide variation in its 
water requirement when grown in different soils. The water require- 
ment of wheat grown in different unfertilized soil types in 1909-10, 
for example, was found to be 582, 842, and 526. Other variables enter 
in most cases, however, so that Table XL must be referred to for the 
comparisons. 

CONCLUSIONS. 

The water requirement, according to the data presented, is affected 
by the kind of soil used. The factor influencing the water require- 
ment seems, however, to be plant food rather than the type of soil. 
The water requirement will be higher in a poor soil, whether it be 
sand or clay, than in a good soil. The data presented do not indicate 
that the water requirement is affected by soil texture alone, when 
plant food is equally available in the different soil types. 

EFFECT OF CULTIVATION ON THE WATER REQUIREMENT. 

m 

sleskin's experiment. 

Sleskin (1908) conducted an experiment to determine the effect of 
cultivating the soil on the growth of the sugar beet. A portion of a 
uniform plat was covered with a layer of cement to prevent all loss of 
water by direct evaporation or gain by precipitation. Seventy-two 
stakes were driven into the ground where the beets were to be planted 
and the cement flowed in around these stakes. As soon as the cement 
had set; the stakes were withdrawn and the holes filled with sand. 
The beets were planted in these holes. The remaining portion of the 
plat was planted to beets, allovdng the same distance between plants, 
and was given the best of cultivation. The results shown in Table 
XVIII indicate clearly that more dry matter was produced by the 
beets grown in the covered portion than in the open plat. The 
reduction in water content was less in the covered soil than in the 
exposed soil, notwithstanding the addition to the open plat of 1 1 inches 
of water in the form of rain. 
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From a single pot experiment in which 3 beet plants produced 479 
grams of dry matter in a pot containing 420 pounds of soil, Sleskin 
found the water requirement of sugar beets, exclusive of evaporation, 
to be 337. The beets were grown in an open pot, but by alternately 
covering the soil surface and leaving it exposed the evaporation was 
computed. This in turn was used^ as a basis for computing the 
evaporation loss from the cultivated plat. If the computed evapora- 
tion loss is accepted, it follows that the water requirement of the beets, 
exclusive of evaporation, was less imder the cement-covered than in 
the cultivated plat. 

Table XVIII. — Water consumption of sugar beets in cement-covered and in cultivated 

plats y according to SUskin (1908).^ 



Number of beets harvested 

Weight of beets in kflognuns 

Water added to soil by rainfall millimeters. 

Computed loss by evaporation do. . . 

Loss in excess of rainfeUl do. . . 

Water content of the soO at the end ot experiment per cent. 



Cement- 

oovered 

plat. 



59 
36.9 



3.4 



Culti- 
vated 
plat. 



78 

16.1 
236 
247 

21 
2.7 



> The writers are indebted to Raphael Zon, Chief of the Office of Silvios of the Forest Service, for assist- 
ance in translating Slfiskin's and 8<mroeder's artioles. 

widtsoe's experiments. 

Widtsoe (1909) has investigated the effect of shallow cultivation 
on the water requirement of com {Zea mays). The pots, 24 inches in 
diameter by 30 inches high, were cultivated 48 hours after surface 
irrigation, and then weekly until irrigated again. The cultivation 
was done with a gardener's comb to a depth of 1 inch. Four pots 
were used for each soil type investigated, two being cultivated. 
Com was grown in one cultivated and one uncultivated pot. The 
other two pots were without crops. The difference in the amount of 
water lost from the cropped and barren pot in each treatment was 
taken to represent the transpiration loss of the crop. The experi- 
ment was conducted for three years. The results are given in 
Table XIX, and show in most instances a marked reduction in the 
water requirement, due apparently to the cultivation. 

This is a subject regarding which it is extremely difficult to obtain 
reliable and concordant results. The uncertainty arises in the 
assumption that the evaporation loss from the cropped pots is the 
same as from the barren pots. The pots must be left open and freely 
exposed, and this means a high evaporation loss. In fact, the average 
transpiration of all the cropped pots in Widtsoe's experiments was 
but 55 per cent of the total loss, the extreme values being 14 and 
82 per cent. 

It seems remarkable that the cultivation of the surface inch of 
soil should have had an appreciable influence on the actual water 
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requirement; and further experiments are desirable, using a larger 
number of pots to reduce the experimental error. 

Table XIX. — Effect of cultivcUion on the water requirement of corUy according to Widt- 

. 8oe (1909, p, 19). 



Sou. 


Satura- 
tion. 


Treatment. 


Water requin>- 
m«nt. 


Katio, cultivated to 
uncultivated. 




1902 


IWi 


1904 


1902 

}l.61 
^ .56 
\ .04 
|.78 


1903 


1904 Mean. 

t 


Sand 


Percent. 
15 

20 

25 
30 


/Cultivated 

\UnculUvated 

/Cultivated 

\Uncultlvated 

/Cultivated 

\Uncultivated 

/Cultivated 

\Uncultivated 


732 
454 

295 
533 

280 
430 

582 
753 


281 


411 






1.61 


f^-oltege loam 


236 

378 

388 
560 


225 

908 

615 
506 


0.62 
.68 


0.25 
1.03 


.48±.00 


H«npflt« cU^y 


.78:fc.lO 


CIav 


78 




468 











CONCLUSIONS. 



The results of Sleskin and of Widtsoe lead to opposite conclusions 
regarding the effect of cultivation on the water requirement. Neither 
experiment is free from certain assumptions relative to the amount 
of evaporation from the soil, and consequently neither experiment 
can be considered as showing conclusively that cultivation has a 
direct effect on the water requirement independent of soil evaporation. 

EFFECT OF THE SOIL MASS ON THE WATER REQUIREMENT. 

hellriboel's experiments. 

Hellriegel (1883) measured the water requirement of red clover 
using culture jars of different sizes. The results are given in 
Table XLIX (p. 59). The differences shown in his experiments are 
without significance, owing to the high probable errors. A similar 
series dealing with barley is given in Table LII (p. 62). No con- 
sistent difference in the water requirement was found attributable 
to the amount of soil used. 

leather's experiments. 

Leather (1910) used in his fertilizer experiments jars ranging in 
capacity from 15 to 31 kilograms of soil. He states that this varia- 
tion in the mass of soil used may affect the transpiration ratio 10 to 
20 per cent, the smaller jars giving the higher water requirement. 
His results are given in Table XXXIX (p. 51) in connection with 
his fertilizer experiments. The writers have combined these results 
in Table XX, calculated with respect to the size of the jar used.^ 
The mean values show with one^exception that the use of the smaller 
jar gives a higher water requirement. 

1 The ftTenge result for each set of Jars of a given sise includes several fertiliser treatments. The kind 
of treatment and the number of jara used with each treatment are, however, uniform for a given crop and 
yeor for each site of jar, so that the results for the same crop and year are comparable. 
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Leather adopted for his later experiments jars containing about 
50 kilograms of soil. Plants like maize and juar (jowar) were found 
to develop much better in these large jars than when grown in jars 
holding one-fourth as much soil. 

Table XX. — Effect of the amount of soil used on the water requirement of wheat and 

maize, according to Leather (1910). 



Crop. 



Wheat 
Do 

Maize. 



Year. 



1906-7 
I907-« 

1907 



Number 
of jars 
used. 



12 

6 



Aznocmtof 
soil used 
per Jar. 




Water re- 
quirement. 



722 
454 

719 
590 
415 
441 
898 



CONCLUSIONS. 

Leather's data are conclusive in showing the influence of the soil 
mass on the water requirement. An insufficient soil mass increases 
the water requirement, probably as a result of an insufficient supply 
of plant food. 

EFFECT OF FERTILIZERS ON THE WATER REQUIREMENT. 

Soil Cultures, 
ijiwes's experiments. 

The earliest investigations regarding the effect of plant food on 
the water requirement were carried on with water cultures and will 
be considered in a subsequent section. Lawes (1850) appears to 
have been the first to use fertilizers in connection with soil cultures 
in investigating the water requirement. His results, which were 
obtained at the Rothamsted Station, England, are shown in Table 
XXI. 

Table XXI. — Effect of fertilizers on the UHittr requirement of different crop plants, 

according to Lawes (1850, p. 54)- 





Dry 
matter.i' 


Water 
trans- 
pired.i 


Water 
require- 
ment. 


Mean water 
requirement. 


Fertilizer and crop. 


Wheat, 
barley, 

and 
clover. 


All 
plants. 


Unmantued: 

Wheat 


Orams. 
29.7 
30.2 
13.3 
34.8 
27.3 

28.6 
32.6 
15.2 
34.8 
^.6 

17.6 

20.3 

6.0 


Kiioaramt, 
7.35 
7.78 
3.57 
7.27 
7.07 

6.35 
8.32 
3.48 
7.64 
6.24 

3.63 

5.52 

.89 


247 
258 
260 
209 
259 

222 
256 
229 
219 
211 

206 
272 
148 


258 




Barley 




Clover 


248 


Beans , 




Peas 






Mineral manure: 

Wheat 


236 




Barley 


■ 


Clover 


227 


Beans.. .,, , 




Peas 






Ammoniacal and mineral manure: 

Wheat 


I 209 




Barley 




Clover 









2S5 



> Data lecakulated to metric units. 
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The jtirs used (fig. 3) were of glass, 14 inches deep, 9 inches in diam- 
eter, and held about 42 pounds of soil. The direct evaporatioa was 
cut off by the use of a glass plate cemented to the top of the pot, a 
f-inch hole being provided in the center for the plants. A check pot 
without a crop was supplied to determine the loss from evaporation 
through the central openii^. The loss thus measured amounted to 
about 3 per cent of that from jars containing plants. This correction 
was not apphed, however, Lawes believing "that the indications of 
this experiment should serve rather to prevent any too nice applica- 
tion of the numerical results 
obtained in relation to the 
plants than as providing any 
available means of correct- 
ing them." 

The com])arison of the two 
scries will show that the 
water requirement was re- 
duced by the use of mineral 
manures. The plants in the 
series in which ammoniacal 
salts were used made such a 
])oor growth that Lawes at^ 
tributed Uttle significance to 
the results. 

IIAHI^DAVT'S EXPBRIHBNTS. 

Mari&-Davy (1875) inves- 
tigated the effect of various 
fertilizers on the water re- 
quirement of wheat for grain 
production. The pots used 

jig the were 2-liter flasks with small 

•■'""*■ necks, the direct evaporation 

from the soil being very small. He results of this experiment are 
recorded in Table XXII and represent the mean values obtained 
with six different soils. Each treatment lowered the wat«r require- 
ment as compared with the check series, which received no fertilizer. 
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Table XXII. — Effect offertUizen on the water requirement of wheat, aooordmg to MarH- 

Davy (1875, pp. S05-S09).^ 



Treatment' 




Notfertilteed 

1.5 graniB each per i)ot— 

GaHPOi, I^(Ki and NaCL... 

KNO|. (NH«)i PO4, and NaCl 

Na«Hr04, KgCOi, and Ca804. 

KNOi, Naq. and CaSO^ 



Soil watered wlu solution contaiiiixig 94 milUgrams (NH4)i PO4, 200 miUigiains 

NH4NOB.105mJlUgnunaKNO|.andl6mllUgramsNaClperliter 

As above plos 10 per cent leaf mold 

10 per cent leaf mold 

20 per cent leaf mold , 

40 per cent leaf mold , 



Grtmu. 
2.32 

5.40 
5.52 
2.58 
4.98 

4.20 
7.50 
4.18 
4.85 
9.72 



Water 
require- 
ment of 

grain. 



1,546 

968 
1,181 
1,393 
1,006 

1,046 
889 
988 

1,165 
981 



1 Each treatment was repeated on six different soils. (See Table XIV, p. 26.) The treatment given for 
this experiment by Mari^Davy (1874) does not conform exactly to the record here given. It is not clear 
which woonect. 

HSLLBIBOBL'S BXPBRIMBNT8. 

Hellriegel (1883) carried on several experiments to determine the 
effect of different amounts of fertilizer on the water requirement, 
using open pots containing 4 kilograms of quartz sand. His results 
(Table XXIII) show a great decrease in the water requirement as 
the amount of fertilizer is increased. The water requirement was 
doubled by the absence of potassium and trebled by the absence of 
nitrogen. A correction for direct evaporation from the soil had to 
be made, which introduced an element of uncertainty into the results. 
An abnormally high water requirement would, however, be expected 
in the case of a plant growing in a soil which was deficient in any 
essential element of plant food. Its growth would be arrested, but 
transpiration would still go on. 

Table XXIII. — Effect of calcium nitrate and potaeh on the water requiremeni of barley, 

according to Hellriegel (18SS, pp. 629-631). 



Period. 


T\^ 


A._.L- Af ._ 


MiUignun equivalents of calcium nitrate.^ 




20 


16 


12 


1 
10 8 

1 


6 


4 

481 
6.6 
399 
8.6 





Apr. 30 to Aug. 6, 1868, 96 
days ...--.,-. 


/Water requirement 

iDry matter grams. . 

/Water requirement 

\Dry matter grams. . 


338 

16.5 

292 

26.5 






349 
13.6 


352 
12.2 

347 
13.9 


426 
9.5 


982 






0.7 


May 3 to July 24,1869, 82 
davs 


302 
23.0 


346 
18.3 


S796±68 
> 1.1^0 


V^J 9. •••••. •.••••••••. 


1 




Period. 


Determination. 


ICilligram equivalents of potash.* 


3.0 


2.2 


1.6 


1.2 


0.8 


0.4 





Apr. 30 to Aug. 6, 1868, 98 days 


/Water requirement 

\Dry matter grams. . 


330 
20.8 


362 
18.4 


390 
17.3 


463 

15.7 


1 

422 
15.4 


526 
10.8 


616 

6.4 



> Soil used: Four kilograms of quarts sand plus 2 KHsPO^, 1 KCl, and 1.6 MgS04 in milligram equiva- 
lents, 
s Mean of two measurements. 
< Boil used: Four kilograms of quartz sand plus 1.6 Ca (N0|)s and 1.6 MgS04 in milligram equivalents, 

Qyoei**— Bul. 285—13 3 
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dshArain's bxperimbnts. 

Deh6rain (1892) reported experiments on the effect of different 
fertilizers upon the water requirement of ray-grass and clover (Table 
XXrV). To determine the water consumed, the amount of water 
which drained through the soil was deducted from the amount which 
fell upon the soil as rain. No correction was made for differences 
in the water content of the soil at the time of planting and at harvest, 
or for the direct loss by evaporation. The results show a lower water 
requirement in a manured soil than in a poor soil not manured. 

Table 'X.l^Vf .—Effect of different fertilizers on the water rtquvremenl of ray^graes and 

clover, according to Dehhain {189S, pp. 47 1-47 S). 





Ray-srass. 


Clover. 


Soil and treatment.^ 


Dry 
matter. 


Water re- 
quirement. 


Dry 

matter. 


Water re- 
quiremeDL 


Good soil 


QnvM. 
45 
39 
102 

64 

65 


630 
682 

S266 

435 

449 


Oranu. 
89 
65 
72 

99 

95 


322 


Poor soil 


454 


Poor soil and K, N, and P fertillMr 


398 


Poor soil and manure water In 1890; K, N, and P ferti- 
lizer In 1891 - 


255 


Poor soil and manure water in 1890 and 1891 ; K, N, and 
Pin 1881 


272 







1 The water loss included evaporation. Each pot contained about 60 kilograms of soil, and the water 
content was assumed to be the same at the time ofliarvest as at the time of planting. The amount of K . N , 
and P was practically the same in the last three pots: the first contained N in the form of nitrate of soda 
and ammonium sulphate, while the last two contained organic nitrogen. The experiment continued from 
Apr. 7 to Sept. 4,1^1 (T). 

1 TkAh^rftin ArmnAniijelv cri 



Deh^rain erroneously gives 233. 



kino's BXPERIMENT8. 



King (1894) investigated the effect of fertilizers on the water 
requirement of potatoes and com, using large open pots. In the 
work with the potato, 6 galvanized-iron cylinders, 18 inches in 
diameter and 42 inches deep, were used. These stood above ground 
and were protected on the south side by a screen of boards. Each 
pot was watered through a 3-inch drain tile set vertically in the pot 
against one side. The level of standing water in the }X)ts was not 
allowed to rise over 6 inches from the bottom. The pots were pro- 
tected at night and during rainy weather by a tent of heavy duck. 
The fertilized pots each received 5.3 grams of potassium nitrate 
before planting and the same amount the preceding year, during 
which time the pots were kept fallow. The results, which are given 
in detail in Table XXV, indicate that the use of potassium nitrate 
does not affect the water requirement of potatoes. In the case of 
com the use of manure apparently reduced the water requirement 
markedly, but the result is affected with a large probable error. 
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Table XXV. — Effect offertUiza' on the water requirement of potatoes and cotHj according 

to King {1894, 1895). 



Pot 

No. 



1 
2 
3 



Crop. 



I 



PotatoeB*.. 
Mesn. 



II 



Potatoes*. 



Mean. 



Com*. 



Mean. 



Fertiliier. 



Dry 

matter. 



KNOi. 



Nom. 



Manured. 



OOrnr 



Mean. 



Not manured. 



1 



Onmt. 
151.4 
327.1 
204.8 



1 



227.7 
163.1 
246.1 



{ 



639.1 
413.9 



618.7 
174.8 



Tubers.* 



OravM. 
75.5 
98.1 
97.2 



112.2 

87.2 

104.4 



Water requirement 
based on^ 



Water. 



jniM. 

88.8 
100.2 
106.6 



107.5 

97.4 

112.8 



143.7 
106.5 



143.5 
78.4 



Dry 
matter. 


Weight of 
tubers. 


587 
481 
517 


1,176 
1,102 
1,066 


528±23 


l,121i:21 


472 

»597 
458 


958 
1,117 
1,061 


509:^35 


1,052^38 


223 
257 








240dbl4 






232 
»448 








390±91 





1 From King's data (1895. p. 246). 

s King (1895, pp. 243. 243). The variety used was Alexander's Prolific. 

* King gives 4Sn for this ratio, which is evidently an error. 

« King (1894. p. 157). A flint variety was used. The amount of manure used is 
scribed as "a oreasing," placed 5 inches below the surfsce. 

• King gives 223 Ibr this vahie, which trom his data is evidently an error; the ratio 
bk inverse order. 

LIEBSCHBR'S BZPXRIMBNT8. 



not stated. It is d»- 
was apparently taken 



Liebscher (1895) measured the water requirement of oats as 
affected by different fertilizers. The pots, which were open and con- 
tained from 9 to 11 kilograms of soil, were equipped with Liebscher's 
air-circulation apparatus (1895, p. 144). This consists of a half 
cylinder of zinc located at the bottom of the pot, with the opening on 
the under side. A zinc tube 1 centimeter in diameter is soldered to 
each end of the half cylinder and rises upward along the inner wall of 
the pot. One tube ends at the top of the pot; the other rises 15 
centimeters above the upper edge. The pot is so oriented that the 
longer tube is on the south side, where it becomes strongly heated in 
the sun, and thus induces an air circulation through the half cylinder 
below. No statement could be found regarding the method of pro- 
tecting the pots from rain, or as to whether the water was added 
through the ventilating apparatus or to the surface soil. The results 
are given in Table XXYI. These results are as a whole consistent 
and conclusive. The check series, both with clay and sand, gave a 
higher water requirement than any other series, while the complete 
fertilizer (KNP) gave the lowest water requirement. Phosphorus 
alone gave better results in the clay than in sand, while potassium 
gave a higher requirement than either nitrogen or phosphorus used 
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singly. In the clay soil phosphorus and nitrogen combined gave a 
water requirement lower than either phosphorus and potassium or 
potassium and nitrogen. In the sand phosphorus and nitrogen gave 
the same result as potassium and nitrogen, while potassium and 
phosphorus gave a somewhat higher water requirement. 

Tablb XXVI. — Efftci of different fertilizers on the vxUer requvremeni^ of oats 

at OoUingen, acoording to Liebscker {1S95, p. til). 



Clay, 0,14X) gnuns; 
water,2;210gmiis.. 



Sand, 11.700 grams; 
water, 1,740 grams. . 



Dry matter, 
nams. 

Water require- 
ment. 

Dry matter, 
grams. 

water require- 
ment. 



Water nquiraneot, using— 



33.1 

344±9 

86.2 
313±8 



N 



46.6 
3U±1 



43.2 
270i:7 



129.7 36.7 



148. a 
194±2| 307±6| ITSdbl 



KNP 



123.2 
173±8 



Check. 



S38.1 
340±9 



KK 



42.2 
319±7 

133.3 



34.0 
332i:7 193^21 299±6| 



KP 



42.6 
264±2 



36.0 



FN 



132.8 
177i:2 



139.7) 
192i:l 






278 



2S1 



> Probable errors are ooraputed by the writers from Liebeoher's data; three pots were used in eeeh deter- 
mination. Three applications of fertilizer were made during the season, the amounts applied per pot 
each time being as follows: 0.475 grams of N; 0.482 grams of Ps0»; and 0.906 grams of KgO. 

> Liebscher gives 32.7, which is evidently an error. 

maercker's experiments. 

Maercker (1896) investigated the effect of various potassium fer- 
tilizers and of sodium chlorid on the water requirement of white 
mustard. As a source of potassium he used kainit (a hydrous magne- 
sium sulphate containing potassium chlorid) and camaUit (a hydrous 
chlorid of magnesium and potassium). The soil used was sand 
with an admixture of 2.5 per cent of peat. The capacity of the pots 
is not stated, but was probably small, 6 kilograms of soil being used 
in other fertilizer experiments with mustard. The pots were not 
covered, and check pots without plants were not used. The sum* 
mary of results (Table XXYII) shows that all the fertilizers used, 
including sodium chlorid, reduced the water requirement. 

Table XXVII. — Efftci of potassium and sodium salts on the water requirement of while 

mustard,^ according to Maercker {1896 j p. 21). 



Fertfliser per hectare. 



Without potash 

1,000 kUecTamslcfanit. . . 
2,000 kilogramskainlt. . . 
2,000 kflotamscamaUit . 
2,000 kilograms NaCl.... 



Mean. 



OOperontof mois- 
tun-holdhig ca- 
pacity (l8 per 
cent water). 



Dry 
matter. 



Orams. 
24.4 
25.6 
25.3 
24.0 
16.6 



Water 
require* 

ment. 



357 
809 

305 
333 
321 



325 



20 per cent of mois- 
ture-holding ca- 
pacity (8 per 
cent water). 



Dry 
matter. 



QraiM. 
12.6 
12.1 

9.5 
12.2 

9.9 



Water 

nquire- 

ment. 



282 
226 
143 
200 
197 



210 



Mem 

water 
require- 
ment. 



320 



224 
207 
250 



> One pot only was used for each treatment Tliese data are also found in Maercker, 1806a (p. 15). 
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bchrobdbr's bxpbrimbnts. 

Schroeder (1896) used the same nutrient solution previously 
employed by Hellriegel. The results of his experiments given in 
Table lY (p. 14) do not show a decrease in the water requirement 
with an increase of concentration of the nutrient solution. 

YON seelhorst'b bxperimbnts. 

Von Seelhorst (1899) has investigated the effect of different nutri- 
ents upon the water reqiurement of oats. His first experiments, the 
r^ults of which are given in Table XXYIII, were made in zinc cans 
holding about 20 kilograms of earth. Two pots were used for each 
treatment, but the data for the individual pots are not given, so that 
it is not possible to calculate the probable error. Each fertilizer 
treatment was carried on with three different soil-moisture contents, 
so that the mean water requirement as given in the eighth column of 
the table represents the average of 6 pots in each case. It is interest- 
ing to note that the addition of potassium had no effect on the water 
requirement, phosphorus caused only a slight reduction, while a 
marked reduction accompanied the use of nitrogen, both alone and 
in combination. 

In another experiment Von Seelhorst compared the water require- 
ment of oats with the same crop following mustard. Two series of 
fertilized pots were prepared, one of which was planted to mustard, 
while the other remained fallow. The next year both series were 
planted to oats without additional fertilizer. These results, also 
given in Table XXVIII, are apparently limited to a single pot for 
each treatment. The introduction of the mustard crop increased 
the water requirement of the oat crop 67 per cent. The oats follow- 
ing fertilizer showed a slight reduction in the water requirement, due 
to the use of phosphorus, while the oats following mustard showed 
the greatest reduction with the nitrogen fertilizers. 
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Table XXVIII. — Effect of different fertilizen and crop sequence on the water requirement 
of oats, according to Von Seelhorat (1899 ^ pp. S7t^ STf&Sn). 





Water content, in tenns of molBti]r»>holdlng 

capacity.* 


Crop-aequenoe experiment.* 


Fertfliaer.i 


49 to 64 per 
cent. 


50 to 64 per 
cent. 


64 to 74 per 
cent. 


Mean 
water 

re- 
quire- 
ment. 


Oata. 


Oata foUow- 
ingmnatard. 


« 


Dry 
mat- 
ter. 


Water 

re- 
quire- 
ment. 


Pry 
mat- 
ter. 


Water 

re- 
quire- 
ment. 


Dry 
mat- 
ter. 


Water 

pe- 
qulre- 
ment. 


Drv 
mat- 
ter. 


Water 

re- 
quire- 
ment. 


Dry 

mat^ 
ter. 


Water 

re- 
quire- 
ment. 


K 


Oravu. 
40.2 
55.2 
38.5 
49.0 
39.6 
41.3 
41.3 
46.8 


290 
280 
268 
225 
260 
227 
247 
236 


Qrafiu. 
61.2 
67.5 
49.9 
86.7 
48.8 
66.9 
52.9 
84.0 


201 
243 
290 
237 
313 
225 
291 
220 


Oram: 
47.9 
76.5 
54.4 
06.1 
52.6 
02.0 
51.5 

108.3 


302 
231 
288 
232 
307 
222 
306 
216 


204 
235 
280 
231 
203 
225 
281 
224 


62.5 
62.4 
72.6 

oa3 

67.4 
70.3 
76.0 
01.5 


201 
363 
255 
258 
280 
277 
240 
254 


Oranu. 
17.6 
36.4 
15.3 
21.2 
l&l 
31.3 
16.8 
28.3 


542 


N 


343 


P 


584 


KNP 


403 


Check 


506 


KN 


350 


KP 


635 


PN 


457 






Mean 




235 




264 




262 






278 




465 













1 P repreaenta 1 gram of phoaphoric acid; K, 1 gram of potaah; N, 1 gram of nitrogen, 
s Harveated Just before the milk stage; 20 kUograma per pot. Two poCa were uaed in each 
but the data for the individual pots are not given. 
* Eleven kflagrama of earth per pot. 

wilmb's experiments. 

Wilms (1899) conducted a somewhat more elaborate experiment 
with early potatoes. The results of this experiment are given in 
Table XXIX, the water requirement being expressed in terms of 
the green weight. The zinc pots in which the experiments were 
conducted held about 15 kilograms of soil. The surface soil was left 
dry throughout the experiment, water being added below the surface 
through Liebscher's aerating device. All tubers under 5 grams in 
weight were discarded and the ratio is expressed in the green weight 
of the remaining tubers. An analysis of the soil preparatory to 
the experiment showed it to be rather poor in phosphoric acid, 
and 1 gram of phosphoric acid (P^Os) was therefore added in 
the form of ammonium calcium phosphate to each pot. The mean 
water requirement for each treatment shows that the various salts 
reduced the water requirement very slightly. The low yield and 
high water requirement when potassium chlorid was used is attrib- 
uted to the fact that this salt was impure, containing about 4 per 
cent of potassium chlorate. 
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Table XXIX. — Efed of differerii fertilizers on the waUr requirement ofpotatoet} accord- 
ing to Wilms (1899, pp. 288-289). 



Fertiliser. 



Water oootont, in tamui of moisture-holding capecity. 



33 per cent. 



58peroent. 



Tubers. 



Water 

require-. 

meoQt. 



Check.. 

KCL... 

K,SO«.. 

KNOt.. 

EiCOi.. 

Naa... 

Na|804. 

NaNO.. 

Na«COs.. 

MgCl,.., 

MgSO,.. 

MgCOt. 



Mean. 



Qrams. 
123.5 
38.7 
144.7 
215.8 
137.2 
137.4 
13&5 
178.4 
134.6 
124.5 
131.2 
13a 



40 ±0 

55 ±3 

36 ±2 

37 ±1 

35 ±2 

36 ±0 
36 ±3 
40 ±0 
39 ±0 
39 d:0 
39 ±1 
39 ±1 



Tubers. 



Qranu. 
178.4 

47.9 
190.2 

8a4 
204.1 
192.7 
1T9.7 
279.2 
183.3 
168.8 
185.4 
192.8 



Water 

require- 

ment^ 



48i:2 
88±6 
47i:2 
51i:l 
44±1 
43i:l 
44±0 
49±2 
46i:0 
48±0 
47±l 
46i:0 
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50 



80 per cent. 



Tubers. 



Oram*. 
196.5 
41.8 
246.4 
38a5 
240.9 
192.8 
181.4 
311.0 
203.7 
205.0 
206.2 
n93.3 



Water 
require- 
ment. 



57±1 
138±5 
52±1 
53±0 
40±0 
57±0 
62±1 
H±l 
53±1 
55±1 
57db2 
61±2 



Mean 
water 
require- 
ment. 



48 
94 
45 
47 
43 
45 
47 
48 
46 
47 
48 
49 



C2 



1 The water requirement, based on the green weteht of the tubers only, Is recalculated from the data. 
Two open pots containing about 17 kflograms (rf sou were used for each determination. The amounts of 
the various salts were equivalent to 3 grams of KfO, 3 grams of Na«0, and 3 grams of BCgO. The varlBty 
used was Paulsen's July. 

* Wilms gives 197.3, which appears to be an error. . 

DABZEWBKI'S EXPERIMENTS. 

Daszewski (1900) determined the dry weight of some of the potatoes 
grown by Wikns and expressed the water requirement in terms of 
the dry weight of the tubers. The results are given in Table V. 
From these results it would appear that the use of potassium nitrate 
and potassium sulphate reduced the water requirement slightly. 

WOiFARTH AND WIMMER'S EXPERIMENTS. 

Wilfarth and Wimmer (1902), using the results obtained in con- 
nection with an extensive series of fertilizer experiments, have 
determined the effect of varying amounts of potash and other salts 
upon the water requirement of various crops. The experiments 
were for the most part made in small, open pots, containing only 
a few kilograms of soil. Each • experiment was duplicated, but in 
calculating the water requirement the results were combined as if 
only a single pot of double the capacity had been used. This method 
does not show to what extent the duplicate determinations agree. 
Accordingly, the water requirement for each individual pot has been 
recalculated by the writers and the probable error of the mean com- 
puted. One determination only was made where no probable error 
is given. In cases where more than two determinations were made 
the treatment was not exactly the same for all pots of the series. 
The pots received the amounts of fertilizer indicated in Table 
XXX and XXXI, but for a full report of the treatment the reader 
is referred to the original publication. These results include meas- 
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urements made with potatoes, tobacco, buckwheat, mustard, chiooiy, 
and oats. 

Table XXX. — Effect of different amouTds of potash on the tBoUr requirement of crops, 

according to Wilfarih and Wimmer (190S, pp. 10-15). 



Crop and ptriod. 


Soil, ete., per pot. 


FertiUser per pot. 


Mean 

dry mat- 
ter. 


Mman 

water 






r»quii«- 






KiO. 


N. 


ment. 






GravM. 


Onvu. 


Onnu. 








' 


1.400 


20.1 


717±3 


PoUtoes:! 

1897 




"6.094" 


1.400 


28.7 


504±27 


Sand and tixrf 


.188 
.940 


1.400 
2,388 


36.7 
76.9 


422±11 


a^^fra %m •♦••••■•••••••••••■•••• 




291±4 






1.504 


2.388 


108.8 


2S4±2 


Apr. 29 to Sept. 8, 1897 « 


/Sand, 3,760 grams; turf, 240 
\ grams; water, 1,000 grams. 


.188 
1.504 
4.700 


1.680 
2,380 
2.800 


3&.0 

99.2 

114.0 


458±1S 

257±5 
230:1:15 








2.450 
2.450 


39.8 
45.6 


637±30 




...... ^.. 


50S±5 


May 2 to Sept. IB, 1806* 


/Sand, G,C70 gram.<i; turf, 455 
\ grams; water, 1,800 grams. 


.282 
.282 


2.450 
3.920 


66.4 
. 65.3 


S2S±49 
507±3i 






.846 


3.920 


100.3 


396±12 






i 1.602 


3.020 


128.3 


339^7 








1.120 


33.8 


1,345±55 
878^72 






" ■".282' 


1.120 


50.6 




rSand, 6,670 grams; turf, 455 










^k ^v aa d ^^i A ^ ^^ ^ ^^^^k-M^ ^k 


grams; water, 1,800 grams; 
water increased Aug. 24 | 




2.800 
2.800 


50l3 
82.8 


50?±76 


Ifoy 6 to Sept. 13, IKUU* 


"".282' 


283±4 




( to 2,010 grams. 


.846 


2.800 


121.5 


267±10 




1 


1.800 


2.800 


165.1 


196i:5 






4.700 


2.800 


176.4 


260d:2 




rSand, 6,670 gram.s; turf, 455 












grams; water, 1.780 grams; > 
water increaaed Jufy 5 to 


3.290 


2.940 


199.3 


232±6 


Apr. 25 to Sept. 15, 1900* .... 


6.580 


2.940 


214.4 


4 2i4±2 




2,250, and July 18 to 2,375 


9.400 


2.940 


188.8 


235±14 




\ grams. 














r .0235 


1.400 


17.0 


90O±4l 


Tobaoco:* 




.094 


1.400 


23.7 


749±5 


Apr. 6 to Aug. 20, 1897 • 


/Sand, 3,7G0 grams; turf, 240 
\ grams; water, 1,000 grams. < 


.940 
1.410 


2.380 
2.380 


65.7 
83.9 


446i:19 
372±2 






2.585 


2.380 


75.7 


T403±5 






.0235 


2.030 


14.4 


893i:13 






.094 


2.030 


22.1 


G26±0 






.188 


2.030 


26.8 


66S±S0 


Apr. 21 to Sept. 17, 1898 ■ 


/Sand, 4,445 grams; turf, 305 
\ grams; water, 1,200 grams. 


.188 


3.500 


29.3 


566d:12 


# 




.564 


3.500 


52.7 


443:^4 






2.115 


3.600 


87.0 


419 




1 


2.820 


3.500 


83.2 


434 




1 

I 


.0235 


1.120 


20.3 


696d:3 




. 


.282 


1.120 


62.4 


467dr28 




rSand, 4,445 grams; turf, 305 










Apr. 24 to Oct. 6,» 1899 » 


grams; water, 1,200 grams; 
water Increaaed July 13 to 


.0235 
.282 


2.520 
2.520 


29.4 
55.4 


422±33 
382±24 






.846 


2.520 


85.2 


300dbll 






1.880 


2.520 


84.5 


297±5 




j 


2.820 


2.520 


03.3 


273 d:2 



^ Computed from data of Wilfarth and Wimmer (1902, pp. 10-15). Duplicato determinations were made 
except where probable error is not given, in which case only one determination was made. (See Wilfarth 
and Wimmer, 1902, pp. 8-9, form A, for a oompieto record of the fertilisers used with potatoes.) Tops, 
tubers, and roots are included. On page 13, in columns 17 and 18, are errors. 

> MfljiUluser variety used. 

> Oeheimrat Thid variety used. 
« Mean of eight determinations. 

1 0>mputed from data of Wilfarth and Wimmer ( 1902, pp. 44-51). Duplicate determinations were made 
except where no probable error is given, in which case only one detormination was made. The dnr matter 
includes roots. (See Wilfarth and Wimmer, 1902, pp. 34-36, form B, for a complete record of the nrtiliien 
used with tobacco.) 

• Nicotiana nutica variety used, 
f Ten detorminatlons. 

> Nieatiana tdbaeum (Virginia) variety used. 

• The leaves were harvested at different times and the flower buds cut off. 
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Table XXX. — Eftd of different anwunU of poUuh on the water requirement of crop$t 
according to Wil/arth and Wimmtr {1902 ^ pp. 



10-15) — Continued. 



Crop and p«rlod. 



SoQ, etc., per pot. 



White mustBfd:! 

Apr. 12 to July 13, 18B7. 



Apr. 19 to July 26, 1900. 



Bockwbeat:* 

Apr. 14 toJuly 16, 1887. 



Apr. 23 to July 26, 1900. 



Chicory, Magdeburg: * 

Apr. 28 to Nov. 17,1000.. 



Apr. 23 to Aug. 6, 1900. 



/Sand, 2,360 grains; turf, 150 
\ grains; water, 686 grams. 



/Sand, 2,600 grams; turf, 160 
V grams; water, 666 grams. 



rSand, 4,000 grams; water, 
\ 700 grams. 



.do. 



ISand, 4,466 grams; turf, 2S6 
\ grams; water, 1,190 grams. 



/Sand, 4,000 grams; water, 
\ 700 grams. 



FertlUser per pot. 


Mean 
dry mat- 






KiO. 


N. 


ter. 


QramM. 


Oravu. 


Onmt. 


0.047 


0.700 


14.1 


.094 


.700 


26.6 


.188 


.700 


85.8 


.376 


.700 


37.3 


f 


.064 
.084 


5.3 
4.2 


.376 


.047 


.224 


11.6 


.376 


.224 


12.2 




.700 
.700 


13.4 
31.6 


.047 


.1175 


.700 


26.5 


I .664 


.700 


20.1 




.700 
.700 


5.1 
18.9 


.047 


I .141 


.700 


23.2 


g 


.112 
.112 


6.6 
11.2 


.664 


.047 


.252 


12.3 


.564 


.252 


19.2 




.420 
.420 


8.8 
14.6 


.047 


.141 


.420 


14.6 


I .564 


.420 


30.4 


f .0235 


.140 


14.5 


3.290 


.140 


12.1 


.282 


.280 


28.4 


3.290 


.280 


80.0 


.0235 


1.680 


16.3 


.282 


1.680 


52.2 


.846 


1.680 


77.4 


I 3.290 


1.680 


83.3 


g 


.084 
.064 


7.1 
8.8 


.376 


.047 


.224 


13.9 


.376 


.224 


18.8 




.430 


7.9 


.047 


.420 


14.0 


.1175 


.420 


18.8 


I .376 


.420 


22.3 



Mean 
water 
require- 
ment 



848±36 
651^6 
511 ±30 
496i:21 

l,133dbl79 
l,198i:8 
741 ±9 
718±14 
807±8 
660±60 
562±10 

500i:8 

020 
M94±13 
*417±10 

906±88 

700i:3 

746 

554i:2S 

960±9 

776±4 

772i:0 

415±18 

606^:68 
790±56 
455i:22 
406i:49 
679d:50 
331i:33 
254^:12 
217±8 

1,005±27 
948±20 
813±16 
674^6 

l,017i:36 
806i:0 
688i:10 
615 ±2 



1 Computed from data of WQfiirth and Wlmmer (1902, pp. 64-65). Duplicate determinations were made. 
The dry matter includes the roots. (See Wilfsuth and Wimmer, 1902, pp. 62-63, form D, for a complete 
record of tbe fertilizers used with mustardj 

* Computed from data of Wil&rth and Wimmer (1902, pp. 54-^). Duplicate determinations were made 
except where no probable error is given, in which case only one determination was made. The dry matter 
indudes tbe roots. (See Wfliuth and Wimmer, 1902, pp. 52-63, form C, for a complete record of the fer- 
tilizers used with buckwheat.) 

* Mean of four determinations. 

* Computed from data of Wiiftulh and Wimmer (1902, pp. 74-75). Duplicate determinations were made. 
The dry matter includes the roots. (See WiUiuth and wimmer, 1902, pp. 72-73, form E, for a complete 
record offertllisers used with chicory.) 

* Computed from data of Wilfuth and Wimmer (1902, pp. 82-83). Duplicate determinations were made. 
The dry matter includes the roots. (See WQfturth and Wimmer, 1902, p. 81, form F, for a complete record 
of the Jertilixers used with oats.) 

The effect of different amounts of potash on potatoes is shown in 
Table XXX. The first series of experiments conducted in 1897 and 
those conducted in 1898 show without exception a reduction in the 
water requirement when potash is increased. The second series in 
1897 is included here, but since both nitrogen and potash were increased 
the lower water requirement can not be attributed to potash alone. 
The results of 1899 and 1900 showed first a decrease and later an 
increase in the water requirement when the potash was increased. 
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In general the experiments show a consistent and decided decrease in 
the water requirement of potatoes when moderate amounts of potash 
are added, the water requirement decreasing gradually with the increase 
in potash until about 0.06 per cent has been added. The addition of 
potash in excess of this amount increases the water requirement. 

The effect of different amounts of potash on the water requirement 
of tobacco is also shown in Table XXX. Here, as in the experiments 
with potatoes, the water requirement gradually decreases with the 
gradual increase of potash. The lowest water requirement occurs 
with about 0.04 per cent of potash. 

The results with white mustard show a decrease in water require- 
ment with an increase in potash. Similar results are shown for buck- 
wheat, for Magdeburg chicory, and for oats (Table XXX). 

The results of Wilfarth and Wimmer's experiments are consistent 
and show practically without exception a gradual decrease in the 
water requirement when potash is added in small amounts. If too 
much potash is added (more than 0.04 to 0.06 per cent) the water 
requirement is again slightly increased. 

The effects of different amounts of nitrogen and sodium on the water 
requirement of potatoes, tobacco, buckwheat, mustard, chicory, and 
oats are shown in Table XXXI. As a rule, the addition of nitrogen 
lowers the water requirement of each crop considered. The excep- 
tions show a difference so small as to be well within the limit of 
probable error. Except in the case of buckwheat, oats, and chicory, 
the addition of sodium did not consistently lower the water require- 
ment. In some cases it seemed to increase the water requirement, as 
in the experiments with potatoes when potash was also added. 

Table XXXI. — Effect of different amounts of nitrogen and sodium on the water require' 

ment of crops. ^ according to Wilfarth and Wimmer. 



Crop and period. 


Soil per pot. 


Fertniser per pot. 


Mean 

dry 

matter. 


Ifean 

water 


KiO 


NaiO 


N 


require^ 
xnaot. 


Potatoes: 

Mays to Sept. 13, 


Sand, 6,670 grams; tarf, 455 
grams; water, 1,800 grams; 
water increased Aug. 24 
to 2,010 grams. 

Sand, 6,670 grams; turf, 455 
grams; water, 1.780 grams; 
water inoreaafiii Julv 5 to 


CfruffU. 


Oramt. 


Qmmt. 
a560 
1.120 
1.120 
2.800 

1.120 
2.100 
2.100 
2.800 

1.820 
2.800 
2.800 

1.760 
1.760 
2.240 
2.240 


Qnnu, 
27.0 
33.8 
33.7 
60.3 

50.5 
68.7 
69.5 
82.8 

106.3 
121.5 
105.3 

48.6 
47.3 
97.5 
96.4 


1,730 
1,345^:55 
1,310±137 
5a2±76 










0.620 








0.282 
.282 
.282 
.282 

.846 
.846 
.846 




878±72 






648±15 




.620 


662±2 
283i:4 






407±11 






267 ±10 


Apr. 25 to Sept. 15, 


1.240 


4SS±6 
508±25 


1900. 




3.100 


405±1 




.846 
.846 


332±6 


' 2,255 groins, and Jaly 18 
1 to 2,376 grams. 


3.100 


836±23 



1 Computed from data of WiUarth and Wimmer (1902), as follows: Potatoes, pp. 10-15; tobacco, pp- 
44-51; buckwheat, pp. 54-55; mustard, pp. 64-65; chicory, pp. 74-75; oats, pp. 82-^. DeterminatiODs were 
in duplicate except where no probable error is given, in which case only one determination was made. 

285 



EFFECT OF BOIL FACTORS ON WATER REQUIREMENT. 



48 



Tablb XXXI. — Effect of different amounU of nitrogen and iodium on the water require- 
ment ofcropSy according to Wilfarth and Wirnmer — Continued. 



Crop and period. 



Tobacco: 

Apr. 6 to Aug. ao, 



Apr. 21 to Sept. 17, 

Apr. 24 to Oct. 5, 
1800. 



Bockwhoat: 

Apr. 23 to July 20, 
1900. 



Mustard: 

Apr. 10 to July 26, 
1000. 



Chicory: 

Apr. 28 to Nov. 17, 
1900. 



Oats: 

Apr. 23 to Aug. 6, 
1900. 



Sofl p«r pot. 



Sand, 3,760 grams; turf, 240 
grams; water, 1,000 grams. 



Sand, 4,445 grams; turf, 306 
grains; water, 1,200 grams. 

Sand, 4,445 grams; turf, 305 
grams; water, L200 grams; 
water increased July 13 to 
1,370 grams. 



Sand, 4,000 grams; water, 
700 grams. 



Sand, 2,600 grams; turf, IGO 
grains; water, 666 grams. 



Sand, 4,465 grams; turf, 285 
grains; water, 1,190 grams. 



Sand, 4,000 grams; water, 
700 grams. 



Fertflicerperpot. 



KiO 



Oranu. 
1.410 
1.410 

2.685 
2.686 



NaiO 



Qrunu. 



2.790 

1.302 
1.467 



.188 




.188 




.0236 




.0235 
.0235 


.620 


.0236 




.282 




.282 
.282 


.620 


.282 




.846 




.840 
.846 


.620 












.620 


.047 




.047 




.047 
.564 


.620 


.564 




.564 












.047 




.047 




.376 




.376 




.564 




.564 
.0236 


.744 


.0235 




.0235 
.282 


1.560 


.282 




.282 
.846 


1.660 


.846 
3.290 


1.560 


3.290 




3.290 














.620 


.047 




.047 




.047 

.1176 
.1176 

.376 


.620 

."iiao" 


.376 




.376 





N 



OruTiu. 
2.380 
2.380 

2.380 
2.380 

2.030 
3.600 

.560 

.660 

1.120 

2.620 

1.120 
1.120 
2.100 
2.620 

1.820 
1.820 
2.620 

.112 
.420 
.420 

.252 
.420 
.420 

.112 
.252 
.420 

.064 
.700 

.224 
.700 

.084 
.224 

.700 
.700 

.140 
1.680 
1.680 

.280 
1.680 
1.680 

1.680 
1.680 

.140 

.280 

1.680 

.084 
.420 
.420 

.224 
.420 

.420 

.420 
.420 

.084 
.224 
.420 



ICean 

dry 

matter. 



Oranu. 
83.9 
19.8 

93.3 
87.9 

26.8 
29.3 

18.0 
20.5 
20.3 
29.4 

52.4 
67.2 
67.4 
66.4 

82.4 
80.6 
85.2 

6.6 
8.8 
9.8 

12.3 
14.6 
12.0 

11.2 
19.2 
30.4 

6.3 
13.4 

11.6 
21.6 

4.2 
12.2 

29.1 
27.0 

14.5 
16.3 
23.2 

28.4 
52.2 
49.7 

77.4 
77.7 

12.1 
30.0 
83.2 

7.1 
7.9 
9.6 

12.9 
14.0 

22.2 

18.8 
27.7 

8.8 
18.8 
22.3 



Mean 
water 
require- 
ment. 



372±2 
322±S 

347i:8 
368^6 

666:b30 
666±12 

700^10 
660i:20 
696±3 
402^23 

467:b28 
372±8 
363:fc3 
382i:24 

288i:4 
302±3 
300i:ll 

996±83 

950^9 

642±29 

746 

776±4 

575±4 

709db3 

554±25 

415±18 

1,133d: 179 
807±8 

741 ±9 
659i:50 

1,193±8 
718d:14 

600i:8 
493±17 

698±68 
679i:69 
512^:81 

455d:22 
331^33 
208i:0 

254±12 
232±17 

790i:66 
405±49 
217±8 

1,095±27 

l,017i:26 

949d:33 

813±16 
806d:0 

586i:8 

688±10 
523±9 

948d:20 

674^6 

615i:2 
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YON 8ESLHOR8T AND BitNOBR*8 EXPBRI1ISNT8. 

Von Seelhorst and Btinger (1907) measured the water requirement 
of summer wheat grown in pots containing 12 kilograms of soil. 
DiflFerent fertilizers were used. The results are givai in Table XXXII. 
The experiments were conducted in open pots. It is not clear from 
Von Seelhorst and Biinger's description of their experiments whether 
the data as given in the table have been corrected for evaporation 
from the soil. The fertilizer scheme followed is stated to be the same 
as that used in one of the experiment fields at Gottingen, but details 
are not given. Both the increased yield and lower water requirement 
accompanying the use of nitrogen indicate that nitrogen is the defi- 
cient food element in the soil used in this experiment. The higher 
mean water requirement obtained with five plants in a pot as com- 
pared with a single plant also indicates a deficient supply of some 
food element. 

Table XXXII. — Effect of different fertilizeTs on the water requirement of summer tvheat,^ 

according to von Seelhorst and Banger {1907, p. i47). 





Low water ocntant. 


High water content 




Fertiliaer. 


One plant. 


Five plants. • 


One plant. 


Five plants. 


Mean 

wster 

rBquir&- 

ment. 




Dry 
matter. 


Water 
require- 
ment. 


Dry 
matter. 


Water 
require- 
ment. 


Dry 
matter. 


Water 
require- 
ment. 


Dry 
matter. 


Water 
require- 
ment. 


K 


10.6 

24.4 

9.3 

27.7 

las 

28.7 

las 

21.7 
26.5 


229 

217 
197 
222 
217 
217 
197 
211 
227 


13.1 
31.9 
12.9 
36.0 
12.5 
41.2 
13.9 
39.4 
4a3 


369 
255 
240 
233 
272 
225 
261 
228 
236 


14.1 
49.6 
12.3 


467 
227 
405 


15.3 
72.5 
15.9 
74.1 
12.5 
68.5 
16.6 
76.2 
82.6 






N 


255 
368 
257 


2S9 


P 


303 


KNP 




Check 


13.2 
56.2 
12.5 
46.2 
52.6 


309 
259 
344 
237 
240 




KN 


378 
363 
267 
245 


345 


KP 


301 


PN 


336 


CaKNP 


337 






Vmr\. 


18.9 


215 


26.7 


247 


48.2 














Mean water re- 
quirement for 
all but K, 
KNP, an(i 
check 




211 




241 




285 




206 




■ 







1 The pots contained 12 kflograms of loam soQ. 



OHLMBR'8 EXPERIMENTS. 



Ohlmer (1908) measured the effect of different fertilizers on the 
water requirement of squarehead wheat. Open pots were used and 
no correction was made for evaporation from the soil. The results 
(Table XXXIII) show a reduction in the water requirement when 
nitrogen is added. The addition of phosphorus, potash, and calcium 
slightly increased the water requirement. 
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Table XXXIII. — Eftti of different feriilizen on the water regtt«rem€nt of squarehead 

wheal,^ acoofrdmg to Oklmer (1900, p. 1^7). 



■ 


Water oontenty in terms of moistnre-holding 

capacity. 


Fertflinr. 


45 per cent. 


70 per cent. 




Dry 

matter. 


Water re- 
qnjrameat. 


Dry 
matter. 


Water re- 
qujfenient. 


K 


Gnnu. 
18.8 
67.5 
10.2 
00.5 
74.4 
10l4 
72.2 
20.5 
64.8 
17.8 
68L5 


277 
219 
282 
200 
208 
274 
304 
248 
216 
282 
243 


Ctramt. 

32.2 
106.2 

23.1 
121.9 
130.8 

22.8 
12a 

21.7 
111.3 

21.5 
120.4 


304 


N 


348 


p 


204 


KNP 


251 


KNiP 


242 


Check 


281 


KN 


246 


KP 


828 


PN 


265 


Cb 


320 


CaKNP 


256 






Mean 




243 




276 











1 Four pots for each determination; probably 20 kflograms of loam ner pot. The fertilizer was added 
per pot as foUows: K-lgram KsOas^Ot; N»1.5 grams N as NaN^t; Nr-1.6 grams N as (NH«)iS04; 
F-1 gram P|0» as CaH4(P0i)i; G»-5 grams CaCOs. 

PBEUL'S EXPERIMENTS. 

Preul (1908) used a good and a poor soil in connection with an 
investigation of the effect of the soil-moisture content on the water 
requirement. The poor soil was simply a mixture of the good soil 
with heath sand. The results of his experiments (Table VIII, p. 19) 
show a consistently lower water requirement for the wheat grown in 
the good soil, in which the average water requirement was approxi- 
mately 80 per cent of that of the wheat grown in the poor soil. 

SUMMART OF EXPERIMENTS AT OOTTINGEN, GERKANT. 

Several of the experiments heretofore cited were carried on at 
Gottingen under comparable conditions. The results of the experi- 
ments are summarized and combined in Table XXXIV and show that, 
with the exception of the potash series, the unfertilized check gave 
the highest value. Nitrogen reduced the water requirement decidedly, 
whether alone or in combination with phosphorus or potash. The 
lowest results have been obtained by a combination of potash, nitro- 
gen, and phosphorus. In these results the evaporation from the soil 
has apparently been included with the transpiration, and the water 
requirement calculated on the basis of the air-dry weight of the crop. 
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Table XXXIV. — Effect of various fertUuers on the water requirement of oaU and 
wheat at Gottingen, Germany, according to dxjfereni investigators. 



T 



Crop. 




Oatsi... 



Do*. 



Wheats 



Do». 



C 



ZUogranu. 
easy. 9.16.. 
Sand, 11.7.. 



f Earth, 20. 
Earth, 11. 



Loam, 12. 



Loam, 20 (T) 



Mean water requirement • 



Soil moistore. 



2.21k11agrania. 
1.74kUograma. 



f49to54>. 
59toM«. 

64 to 74 «. 




Water requirement with— 



344±0i311i:1270±7 
313i:8|l04i:2|3Q7±6 



290 
291 
302 
291 



230 
243 



268 
290 



Low water con- 
tent. 



High water con- 
tent. 



< 



1 plantper 

pot. 
5 plants 

per pot. 
1 plant per 

pot. 
Splants 

per pot. 



f45». 
I70». 



1 



4 pots. 
..do. 



542 


343 


229 


217 


269 


256 


467 


227 




255 


7n 

304 


219 
248 


314 


260 

1 



231 i283 
363 1255 
5^ 

197 

240 

405 

368 



282 

294 



297 



KNP 


Check 


KN 


173^3 349^9 319db7 
178i:1332i:7192d:2 


225 
237 
232 

258 
403 


360 
313 
307 
280 

506 


237 
225 
222 

277 
350 


222 


217 


217 


233 


272 


225 




309 


259 


257 




278 


209 
251 


274 
281 


204 
246 


238 


306 


246 



PN 



,216 
:254 



264±2177:i:2 



247 
291 
306 
249 
535 

197 

361 

344 

362 



248 
328 

294 



457 
311 



237 
267 



216 
365 

343 



1 Liebscher, 1806, p. 311. 

s Von Seelhorst, 1899, p. 372. 

a Percentage of moisture-holdinc capacity. 

* Von Seelfiorst and Bflnger, 1907, p. 247. 
i Ohlmer, 1906. p. 157. 

* Mean for all determinations except Von Seelhorst and Banger's high water oootent 

wimmer's experiments. 

Wimmer (1908) published the results of extended experiments con- 
ducted by a lai^e number of collaborators. The data on the effect 
of potash and nitrogen on the water requirement are given in Tables 
XXXV and XXXVI. 

Glass pots 33 centimeters high with an upper diameter of 21 centi- 
meters and a lower diameter of 19 centimeters were used. These pots 
were left open and the combined transpiration and evaporation 
determined. Apparently no attempt was made to correct for evapo- 
ration from the soil surface. The plants were grown to maturity. 
Many details of the experiment are given in the tables and need not 
be repeated here. 

The effect of potash (Table XXXV) is much less evident than in 
the work of Wilfarth and Wimmer (1902), already discussed (p. 39). 
Even in the soils showing the lowest content of potash the addition of 
potash did not lower the water requirement. None of the soils were 
poor in potash. 

The addition of nitrogen (Table XXXVI) lowered the water require- 
ment with most plants. In Juetrichau sand the high probable error, 
as well as the small amount of dry matter produced, lead one to disre- 
gard these data in discussing the results as a whole. 
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Table XXXV. — Effed ofpoUuh on the water requirement of plants,^ according to 

Wimmer. 





Soiluaed. 


















K|0 

added 

per 

pot. 

Ottm. 

6.'i55 
.776 

"."iw 

.776 


Sou 
mois- 
ture. 


Mean 
dry 
mat- 
ter. 


Water 

require- 
ment. 


Crop and period. 


Plat. 


Previous fertilisation. 


Potash and 
soda by 

Percent. 
0.347KiO 
.045NafO 


Per 
pot 


Ray-gnas:! 

June 1 to Oct. 18, 1904. 


Bl 


Nopotash, 1891 to 1904.. 
Stable manure, 1801 to 

1805. Green manure, 

1901. 


Cfrme. 
6,766 


PereL 
15 
15 
15 

18 
18 
18 


Omu. 
66.9 
63.6 
69.9 

76.7 
78.5 
80.3 


302±1 

301^39 

366±8 

307^:31 
343±34 
316±4 




B3 


None, 1801 to 1904 


.351 KiO 
.OSONaiO 


6,903 


.776 


15 
15 
15 


71.5 
66.3 
68.7 


303i:8 
333d: 33 
334±8 








1 


.776 


18 
18 
18 


84.5 
85.9 
73.9 


383 db5 

375±11 

313±37 




B5 


Nopotash, 1891 to 1904.. 
Stable manure, 1801 to 

1895. Oreen manure, 

1901. 


.396KsO 
.090NaflO 


6,791 


"."i55 
.776 

".'i55 
.776 


15 
15 
15 

18 
18 
18 


57.0 
60.8 
67.8 

60.4 
66.6 

78.4 


366±14 
386±55 
390i:17 

367d:l 
376±6 
383±11 


Apr. 17 to Sept. 36, 
1906. 


B3 


None, 1901 to 1906 


.344K|0 7,919 
.044NasO 


.776 


15 
15 
15 


03.4 
OS. 8 
93.5 


313±4 

306±31 

310i:7 












"."i55 
.776 


18 
18 
18 


95.6 

98.7 

100.4 


333i:17 

336i:l 

350±16 




F3 


do 


.239KtO 
.Q39NasO 


7,768 


'.iu 

.776 


15 
15 
15 


90.0 
88.4 
90.0 


305dbl3 






319±33 

312i:17 








1 


'".'iss 

.776 


18 
18 
18 


113.4 
104.3 
102.1 


290db4 
308±7 
31U7 




H3 


Nopotash, 1903 to 1906.. 


.331K|0 1 7,344 
.OdlNaiO 

1 


"*.'i55 
.776 


15 
15 
15 


80.3 
84.7 
96.3 


341^33 
311±11 
303i:9 


Chicory:* 

May 3 to Nov. 13, 1906. 


B5 


None, 1891 to 1904 

Stable manure, 1801 to 

1805. Green manure, 

1901. 


.2S9KsO 
.068NafO 


7,000 


".156 
.776 

".'i55 

.776 

1.551 


18 
18 
18 

18 
18 
18 
18 


90.6 
98.5 
96.9 

61.2 
50.8 
64.9 
65.4 


345^13 

360^:7 

331±3 

220±17 
379±13 
335±3 
303i:7 




G3 


No potash. 1903 to 1906. . 








18 

18 
18 
18 


64.7 
65.4 
60.1 
65.0 


318±8 










.155 

.776 

1.551 


330:1:10 

328±6 
228±35 




F8 


Potash, 1901 to 1906 








18 
18 
18 
18 


55.4 
55.3 
52.8 
66.9 


345d:ll 










.155 

.776 

1.551 


316i:64 
383i:33 
311±34 



1 Computed from Wimmer's data (1908, pp. 15-37}. Mean of two determinations. 

2 Each pot received 0.840 gram N and 0.384 gram PiO( in 1904, and 1. 



1906. 



120 grams N and 0.284 gram PsOi in 



* Each pot received 1.400 grams N and 0. 710 gram P|0». 
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Table XXXYI. — EJftd of nitrogen on the water requirement of plants,^ according to 

Wimmer. 





Bolluaed. 




Added 

N. 


Sou 
mois- 
ture. 


Mean 
dry 
mat- 
ter. 


Water 


Crap and period. 


Plat. 


Preyioiis fertUiier. 


Sou 
per pot 


require- 
ment. 


Sugar beet: 

May 3 to Oct. 15, 
1809. 

Ray-crass: 

May 1 to Nov. 1, 
1903.S 


Biendorf 


Well manured 

No potash since 
1003; 0.284 gram 
PfO» per pot. 


Orams. 
8,068 

7,556 


Oram*. 

a224 

.336 

1.820 

.280 
.700 

.280 
.700 


Perd. 
16 
16 
16 

12 
12 

15 
15 


OriM. 
38.2 
42.7 
70.1 

34.1 
43.8 

35.4 
52.2 


5154:55 


Waldau33,34,35.. 


433±25 

313i:3 

230±aO 
254^:10 

372i:32 
232i:10 










.280 
.700 


18 
18 


44.0 
53.^ 


329i:38 
323±10 




Fl.3.5,7 


No potash since 
19(n. 


7,566 


.280 
.TOO 


12 
12 


33.0 


3«J.12 






39.6 285±8 










.280 
.700 


15 
15 


44.9 
51.7 


302i:12 
250^4 










.280 
.700 


18 
18 


48u3 319±19 
57.7 293±7 


Apr. 17 to Sept 26, 
1905. 


P3» 


No potash since 
1901. 


7,768 


.280 
1.120 


12 
12 


41.5 406 j:5 
72.2' 298±6 






Waldau87,88,80«. 


No potash since 
19(8. 


8,042 


.280 
1.120 


12 

12 


39.9 362d:19 
45.9 887i:42 




F6* 


Kainft sinoe 1902. . 


7,808 


.280 
1.120 


12 
12 


43.0 373^35 






75.81 276±6 




Juetrichausand... 


0.284 gram PflO» 
per pot. 


8,000 


.280 
1.120 


9 
9 


41.6, 423i:6 
80.7 328i:33 




Buhlendorf sand . . 
Buhlendorf sand •. 


do 


8,000 
8,000 


.280 
1.120 

.280 
1.400 


7 
7 

12 
12 


26.0 521:tl4 


Chicory: 


do ... . 


60.7 336i:31 
48.91 287:1:2 






66.6 221±13 






0.710 gram PiO^ 
per pot. 


8,000 


.280 
1.400 


12 
12 


56.8 256d:13 
68.5 227±23 




Juetrlduu 8and^ 


0.284 gram PsO& 
per pot. 


8,0W) 


.280 
1.400 


10 
10 


22. 7{ 391±11 
10.8 676±17 


Carrot:* 

Mays to Oct. 30, 


Waldaa33,84,35.. 


0.710 gram PtOt 
per pot. 

No potash sinoe 
1902; 0.284 gram 
PiOft per pot. 


8,000 
7,556 


.280 
1.400 

.280 
.700 

.280 
.700 


10 
10 

12 
12 

16 
15 


20.3 380db2 
10. 7> 606+76 

21.4 420±26 
22.2 362±25 

31.0 419±36 

31.01 412i:14 

1 










.280 
.700 


18 
18 


82.1 
43.8 


466±31 
386±16 




Fl,3,5,7 


do 


7,556 


.280 
.700 


12 
12 


19.6 
17.3 


458±17 








470±46 










.280 
.700 


16 
16 


81.9 
28.5 


362±10 
898±14 










.280 
.700 


18 
18 


32.1 
44, 


442^:22 

aooabis 



1 Computed from Wimmer's data (1908, pp. 80-114). Mean of two detarmlnatioos. 

* Mean of three determinations. 

t This soil contained in 1906 0.239 per cent KsO and 0.039 per cent NasO. 
4 This soil contained in 1906 0.254 per cent KsO and 0.038 per cent Ni^O. 

* This soQ contained in 1905 0.259 per cent KsO and 0.079 per cent NasO. 

* This soil contained 0.026 per cent KsO and 0.032 per cent NasO. 
1 This soiloontatDed OJ064 per oent KsO and 0.061 per cent NaiO. 
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widtsob's experiments. 

Widtsoe (1909) conducted during 1904 and 1905 an experiment to 
test the effect of manure and mineral fertilizer on the water require- 
ment of com. The amounts of mineral fertilizers used (Table 
XXXVII) were calculated upon the weight of the upper 6 inches of 
soil and were added at the beginning of each year. All the fer- 
tilizers used were incorporated with the surface soil to a depth of 6 
inches. Two open pots of College loam were used with each fer- 
tilizer treatment, one pot being planted to com and the other kept 
barren to determine the evaporation from the soil. The pots were 
24 inches in diameter and 30 inches high. The results show a reduc- 
tion in the water requirement following the use of fertilizers, but the 
results for the two seasons are widely at variance. 

Widtsoe later used three different types of soil in investigating the 
effect of fertilizers on the water requirement of com. The results 
are also given in Table XXXVII. One soil consisted of an unpro- 
ductive sand from a river wash, while the other two soils were pro- 
ductive. The experiments were carried on for but a single year, and 
only single pots were used for each fertilizer. The surface of the soil 
was not protected, and the evaporation was assumed to be the same 
as from bare check pots. 

The soils in the various pots used had been treated differently in 
experiments previous to 1906 as regards culture, crops grown, 
methods of irrigation, and amount of water applied, but had been 
exposed without crop to atmospheric agencies from 1905 to 1908. 
"The amount of fertilizer applied in each case was nearly five times 
larger than in 1904 and 1905. As a result the depressing effect of 
the fertilizer is observed in a number of cases. '* 

Table XXXVII. — Effect of fertilizers on the water requirement of com, according to 

Widtsoe (1909, pp. 49, 5t). 



YevandsoU. 



1904, College loam 

1905, College loam 



Average. 



Wa,ter requirement, using— 



No fer- 
tilizer. 



906 



4pomids 
manure. 



613 

315 



464 



0.1 
percent 
NaNOi. 



681 
151 



368 



0.01 
percent 
NaNOi. 



267 
337 



247 



0.1 

percent 

KCL 



848 
431 



640 



Year and aoil. 



1900: 

Sand 

College loam 

Sanpete clay 

97991*>— Bul. 285—13 4 



Water Teqnlreinent, using— 



No fer- 
tilizer. 



1,012 
357 
306 



686 
308 
292 



735 
391 
375 



N 



555 
471 
385 



KN 



460 
280 



KP 



671 
333 
383 



PN 



178 
339 



KNP 



460 
303 
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kibssblbach's bzpbkimbnts. 

Kiesaelbach (1910) measured the water requirement of com 
plants grown in river sand which was kept saturated with Schim- 
pers's normal nutrient solution. Four concentrations, 0.6; 0.4, 0.2, 
and 0.1 per cent, were employed. Five pots, each holding about 15 
kilograms and containing a single plant, were used for each concen- 
tration. The method followed is the same as that described on page 
20. With the exception of the highest concentration, which reduced 
the growth of the plants, the results (Table XXXVIII) show a slight 
increase in the water requirement as the concentration of the solu- 
tion is diminished. 

Table XXXVIII. — Influence of conoentratum of soil nutrient 9ol%Uion on the tvaier 

requirement ofcorUj according to Kiesselbach (1910). 



Strength of 
BoLutlon. 


Drywedjcht 

including 

roots. 


Wftter re- 
quirement. 


Percent. 

ae 

.4 
.2 
.1 


Oramt. 

47.8 
74.9 
65.3 
73.4 


245i:5 
226±6 
7BS±4 
360i:4 



leather's bxperiicents. 

Leather (1910, 1911) has investigated the use of nitrogen, potas- 
sium, and phosphorus as fertilizers in their relation to the water 
requirement of a number of crops in India. These experiments were 
conducted with four soils, which may be characterized as follows: 
The Pusa soil, where the Pusa Institute is situated, consists of Gan- 
getic alluvium and contains a small proportion of clay. It is highly 
calcareous (30 to 40 per cent CaCO,), low in organic matter, and very 
poor in available phosphate. Potash salts have no effect on the crop. 
The Akola soil is a typical "black cotton" soil, with a high clay con- 
tent and from 1 to 3 per cent of calcium carbonate. The Shillong 
soil is highly ferruginous and contains much organic matter. The 
Palur soil is sandy in character. 

The water requirements of crops grown in these soils, showing the 
effect of various fertilizers, are given in Table XL. Each determina- 
tion refers to the mean value of the water requirement obtained from 
two pots, except in the case of the earlier measurements for wheat and 
com, which represent the mean of the values given in Table XXXIX. 
The soil water content, except in the earlier determinations, was main- 
tained as nearly as possible at 20 per cent of the saturation content. 
The writers have added the probable error of the mean in each case 
as a guide in making comparisons.^ 

1 The probable error, when only two determinations are available, has little value other than that of 
serving to show how closely the duplicate determinations agree. Usually in c<Hnparing mean values to 
determine whether areal d^erencee3dBts»adi0eranceequaltothreetimesthesquarerootof thesumof the 
squares of the two probable errors is considered the minimum significant diflerence. The probable error 
of the probable error of the mean of two determinations is one-half that of the probable error of the mean. 
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These determinations include the variation in water requirement 
arising from seasonal differences, kind and amount of soil used, and 
the kind of fertilizer employed. The magnitude of the probable 
errors shows that there were also in many cases other disturbing fac- 
tors of a serious character which were not under control. Although 
the water requirement for a given crop varies widely according to 
season, soil, and fertilizer, the results show conclusively a marked 
reduction in the water requirement accompanying the use of phos- 
phate as a fertilizer for these soils. Representing the water require- 
ment of the unmanured soil in each case by 100, the mean value when 
nitrogen alone was used was 97 ; nitrogen and phosphorus, 75 ; nitro- 
gen, potassium, and phosphorus, 73. These results indicate, there- 
fore, the necessity of an adequate supply of plant food in order to 
secure the most economical use of a given water supply. 

Table XXXIX. — Influence of fertilizers on the water requirement of wheat and com at 

Pusa, Indiaf^ according to Leather {1910). 





Jar capacity. 

KUofframs. 
15 

I 23 


Water in 
sofl. 

Per cent. 
10 
15 
20 

10 
15 
20 


Water requirement, nsfng— 


Crop and year. 


Nofer- 
tiliier. 


N 


N+P 


N+P+K 


Mean. 

765 
663 
747 

739 

751 
2726 


Mean, 

omit- 

tintf 

N+P 

+K. 


Wheat ( Trltkum 9ativum): 
1905-7 1 

1 


900 
653 
829 

941 

1,060 

955 


1,060 

944 

1,000 

806 
837 
865 


543 
540 
574 

593 
504 
515 


527 
515 
583 

614 
604 










Means for 1906-7. .. 


800^:37 


917±30 


545i:10 


569i:14 








IS 
39 


/ *0 
\ 20 

1 10 








634 
1,133 

696 
821 


«523 
•726 

«500 
•575 


«571 
<725 

4446 
4505 




576 
861 

647 
634 










1907-8 






















Means for 1907-8.... 


821±75 


581±35 


562i:43 


• • 






f 1* 
21 


• 10 

15 

I 20 

10 

15 

I 20 

10 
15 
20 




Com (Zea f»<if«) grown in 
Puaasofl:^ 


459 
368 
604 

500 
589 
381 

450 
421 
429 


404 
877 
529 

645 

"*'527' 

412 
605 
480 


287 
323 
382 

300 
281 
295 

262 
286 
295 


344 
322 
336 




383 
356 
606 

485 


1907 






•453 








401 








375 








404 








401 










Means for 1907 


467i:19 


4S5i:21 


302±7 


334±7 















1 A single open pot was used for each treatment. 

s The mean value 569 was used for the absent term of the N+P+K series in calculating this mean. 

* In these determinations rapecalce was used, equivalent to 5 milligrams N per 100 grams of soil. 

4 In these determinations superphosphate plus phosphoric acid in rape cake was used, equivalent to 10 
milligranis soluble PtO« per 100 grams soil. 

» N-iCa(NOi)i— 5 milligrams N per 100 grams soil; P— superphosphate— 10 milligram.*! soluble PiOi ptf 
100 f^nana sofl. 

• The mean of the N ratios was used in place of the absent term in calculating this average value. 
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Table XL. — Water requirement of crops at Pumi, India, as modified bff soils and fer- 
tilizers , according to Leather (J 910, 1911). 



Crop and year. 



Wheat ( Triticum »ativtim): 

1906-7 

1907-8 

190M> 

1909-10 

1909-10 

1909-10 

Com (Zea may»): 

1907 

1908 

1908 

1908 

1908 

1908 

1908 

Sarson {Brassica eampeitris): 

1908-9 

1909-10 

1909-10 

Linseed (Linum usUatissimum): 

1908-9 

1909-10 

1909-10 

Barley (Hordeum vulgare): 

1938-9 

1909-10 

Oats (Av€7ia aativa): 

1908-9 

1909-10 

Peas {Pi»um tativum): 

1908-9 

1909-10 

Oram ( Cicer arietinum): 

1908-9 

1909-10 

Juar {Andropogon 9orghum): 

1908 

Rioe (Oriza sativa): 

1908 

yinrvrtkiEleimne coraeana): 

1908 

Kodo (PasptUum scrobieulatum): 

1908 

Rahar ( Oajan indicumy. 

1908 

Ouar ( Cyamopaia psoralioides): 

1908 

Sugar cane (SacehaTum officinarum): 

1910 



Soil. 



WeiKbtof 

800. 



Pusa 

...do 

...do 

...do 

Akola 

Shlllong. . 

Pusa 

...do 

Akola 

...do 

Shlltong... 
...do...... 

Palur 



Pusa.. 
..do... 
Akola. 

Pusa.. 
...do... 
Akola. 



Pusa. 
..do. 



.do. 
do. 

.do. 
.do. 

.do, 
.do. 

.do. 

.do. 

.do, 

.do. 

.do. 

.do. 

.do. 



15-22 
15-29 
14 
48 
41-45 
43-45 

15-31 
14 
42.5 
12 
32 
12 
32 

14 
48 
43 

14 



Water requJiement, usio^— 



Nofertl- 
Ucer. 



42^15 

14 

48 

14 
48 

14 

48 

14 

48 

14 

14 
14 
14 
14 
14 
47 



89D±37 

821 i: 75 

865i:14 

582:^11 

842^6 

526i:31 

467±19 
421^:21 
678 i: 110 
447 i:8 
4€6±46 
614±29 
412 ±15 

737 ±15 

481±8 

603±11 

1,093±120 
481,094±150 



N 



017±30 
581±35 
782±72 



485±25 
438±35 
529±32 
468±71 
521 ±16 
53»±Q2 
261±13 

818±69 



1, 125±89 

678±1 
448±31 

873±210 
493±7 

836±120 

811±3 

1,427±79 
1,216±160 

361±76 

976±130| 

254±42 

326±0 

1,109±82 

1,062±15 

388±70 



1,198±83 



429±5 

827±37 

785±36 

1,166±120 



420±58 
8S0±07 
283±23 
266±6 
1,245±100 
1,060±140 
312±13 



N+P 



645±10 
562±43 
S08±24 
495±2 



302±7 
433±0 
315±5 
355±9 
287±8 
3«2±7 
363±4 

025±16 
384±6 



1,000±30 
633±39 



N+P+K 



5eO±14 



440±16 
580±10 

334±7 



367±15 

34D±8 

306±O 



375±I 



479±13 



787±8 



482±30 
455±3 

551±51 
388±11 

531±65 
595±21 

976±130. 
660±11 I. 

437±41 |. 

811±11 |. 

263±2 '. 

312±4 [ 

d40±31 

S96±5 

212±1 



63D±2l 



VON seelhorst's later experiments. 

Von Seelhorst (1910a) conducted e:q)eriments on the water require- 
ment of rye in pots which had been previously manured for several 
years. This experiment was conducted in the large pots shown in 
figure 4 and described on page 68. The results are shown in Table 
XLV (p. 56) . Referring to the water requirement of rye following rye, 
it will be seen that the lowest value was obtained by a light applica- 
tion of manure in the spring. The value obtained from a heavy 
application of manure in the fall was about 5 per cent higher, while 
the water requirement of the check pot, which had received no fer- 
tilizer, was about 19 per cent higher. The mean water requirement 
of the whole series receiving a heavy appUcation of manure in the 
fall was also about 9 per cent higher than that of the series receiving 
a light application of manure in the spring. 
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MONTGOMERY AND KIS88SLBACH*8 XZPBRIMENT8. 

Montgomery and Kiesselbach (1912) measured the water require- 
ments of com grown in three types of soil, which they characterized 
as infertile, intermediate, and fertile. Each soil was used in its orig- 
inal condition and also with the addition of manure. Twenty-three 
cans were used in all, four being used for each treatment, with a single 
exception. The cans were 16 inches in diameter and 36 inches high. 
A single corn plant was grown in each can. The potometers were 
covered, as in their earlier experiments. Modeling clay was used to 
make a t^ht joint between the stalk of the corn and the oilcloth cover. 
A summary of the experiments is given in Table XLI. 

The marked reduction in water requirement with the increase in 
soil fertility is definitely indicated. Another striking fact is the uni- 
formity in the water requirement of corn obtained in all three soil 
types when manure was used. The ratios obtained in the three 
experiments in which manure was used differ by less than the prob- 
able error, either when based upon total dry matter or upon the dry 
weight of the ears.^ 

Table XLI. — Water requirement of com as inHueneed by soil fertility , according to 

Montgomery and Kiesselbach (1912 f pp. 10-11). 



• 


Average dry weight 


• 

Water requirement based on- 


Sou. 


per plant. 


Total dry matter. 


Dry ears. 




No 
numure. 


Manure. 


No 
manure. 

5(i0i:lG 
479i:ll 

392± 6 


Manure. 


No 
manure. 


Manure. 


Infertile 


QrafM. 

113 
184 
270 


Gram: 
370 
414 

473 


350 d: 8 
341 ±4 
347 ±6 


2,136^:436 

1,160± 69 

799± 39 


692d:45 


Intermediate 


079±36 


Fertile 


682±18 







PFBIFFBR, BLANCK, AND FLOoEL's EXPERIMENTS. 

Pfeiffer, Blanck, and Fliigol (1912), experimenting with the eflFects 
of different amounts of nitrogen on the water requirement of plants, 
found that for the particular soil used the addition of nitrogen did not 
measurably lower the water requirement. The experiment is dis- 
cussed in connection with the eflfect of soil-moisture content on the 
water requirement and the results are shown in Table XIII (p. 24). 

CONCLUSIONS. 

Ahnost without exception the experiments herein cited show a 
reduction in the water requirement accompanying the use of ferti- 
lizers. In highly productive soils this reduction amounts to only a 

1 The writers are indebted to Prof. KiessellMUdi for an advance proof of this paper, and also for detailed 
Information concerning earlier experimenta, which has made the calculation of probable errors possible. 
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small percentage. In poor soils the water requirement may be 
reduced one-half or even two-thirds by the addition of fertilizers. 
Often the high water requirement is due to the deficiency of a 
single plant-food element. As the supply of such an element ap- 
proaches exhaustion the rate of growth as measured by the assimila- 
tion of carbon dioxid is greatly reduced, but no corresponding change 
occurs in the transpiration. The result is inevitably a high water 
requirement. 

As a whole, these experiments show clearly that transpiration is not 
a measure of growth, even under the same atmospheric conditions, 
and that the water requirement is profoundly affected by the plant 
food available in the soil. 

Watbb Gultubbs. 

woodwahd's bxperimbntb. 

The earliest experiments conducted for the piupose of determining 
the water requirement of plants, so far as the writers are aware, were 
made by Woodward in 1699 with water cultures. Plants of known 
green weight were transplanted to vials. A cork stopper prevented 
loss of water except through the plant, and an accurate record was 
kept of the water consimied. The difference between the initial and 
final green weight was taken to represent the amount of growth. 

Woodward's results, expressed in terms of green weight, are given 
in Table XLIL Although his experiments were made on water cul- 
tures 200 years ago, the results obtained are of fimdamental impor- 
tance. He found the water requirement of plants grown in spring 
water and in rain water to be higher than when grown in waters con- 
taining more soluble matter. Moreover, when impure water was 
distilled the water requirement of plants was found to be higher 
when grown in the distillate than when grown in the residue. This 
leads at once to the conclusion that the water requirement of plants 
is, within limits, dependent on the amount of plant food available. 

Table XLII. — Effect of pure and immure water an the water requirement of plantSj 

according to Woodward (1699 y pp. 200-206). 



Plant, water used, etc. 



spearmint: 

Spring water 

Rainwater 

Thames water 

Hyde Park oondutt water 

Hyde Park conduit water and garden earth 
Hyde Park conduit water and carden mold 

Hyde Park conduit water, dJstuled 

Residue 

Solanum: 

Spring water 

Lathvrus: 

Spring water 
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Year. 


Increase 
inzreen 
woght 


Water 
transpired. 




Qrant. 


KiloifnfM. 


1691 


0.97 


0.165 


1691 


1.134 


.195 


1691 


1.66 


.161 


/ie92 
\1692 


8.29 


.92 


9.00 


.851 


1692 


10.88 


.696 


1692 


18.4 


.969 


1692 


2.66 


.672 


1692 


6.09 


.281 


1691 


3.695 


.241 


1691 


.227 


.162 



Water re- 

quJremeot, 

green 

weight 



170 

172 
96 

lU 
9( 
64 
53 

215 
46 

66 
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BOBAUBB^S BZPBBIMBNTa. 

Sorauer (1883) used water ciiltures in most of his water-requirement 
experiments. His results, which deal with the effect of different 
amounts of nutrient solution on the water requirement of rye, barley, 
wheat, and oats, are given in Table XLIII. The experiments were 
of 53 days' duration, and the water requirement was found to decrease 
as the concentration of the nutrient solution increased. 

Table XLIII. — Effect ofOu concerUratUm of the nutrient golution on the water require- 
ment of plants,^ according to Sorauer {1883^ pp. 90-91). 





Concentration of the nutrient solution. 


Crop. 


0.05 per cent. 


0.25 per cent. 


0.5 per cent. 


1 percent 


0.25 per cent 
nutrient-HO.5 
per cent cal- 
cium nitrate. 




Num- 
ber of 
deter- 
mine 

tions. 


Water 

re- 
quire- 
ment. 


Num- 
ber of 
deter- 
mina- 
tions. 


Water 

re- 
quire- 
ment. 


Num- 
ber of 
deter- 
mine 
tions. 


Water 

re- 
quire- 
ment 


Num- 
ber of 
deter- 
mina- 
tions. 


Water 

re- 
quire- 
ment. 


Num- 
ber of 
doter- 
mina- 
tions. 

5 


Water 

re- 
quire- 
ment. 


Rye 


4 
4 
4 

4 


406±22 
547±30 
768±40 
e30±24 


4 
3 
4 
4 


331 ±22 
432±14 

647 ±10 
6eB±20 


3 

4 
4 


207±21 
321±11 
400±18 


4 
4 


197±20 
280±8 


235±25 


Barley 




Wheat 






Oats 


3 


323+32 
















Mean 




610 
521 




105 

382 














Mean for rye 
and barley.. 






294 




24.1 



















^ The total dry matter produced was seldom as great as 0.5 gram per pot. 

HBINBICH's BJEPBBIMBNT8. 

Heinrich (1894) has determined the water requirements of oat 
plants when grown in nutrient solutions of different concentration. 
The nutrient solution had the following composition: 4 H,KP04 + 
CaCl, + 6 Ca(NOs) J + 2 MgS04 + 2 Fe. Five concentrations were used, 
3 grams, 1 gram, 0.5 gram, 0.25 gram, and 0.1 gram per liter. The 
iron was supplied in the form of freshly precipitated suspended iron 
phosphate. Ten jars, each containing 3 liters of solution, were used 
for each of the five concentrations. Three plants were grown in each 
jar. An equal number of jars without plants was used to determine 
the evaporation taking place directly from the culture solution. The 
plants were grown for four months, or until ripe. The transpiration 
was determined by weekly weighings. The plants in the 0.3 per cent 
solution consumed about three-fourths of the initial water supply. 
The evaporation in this case was only about 2.5 per cent of the tran- 
spiration. The results are given in Table XLIV. With the exception 
of the weakest solution, the water requirement decreased as the con- 
centration of the solution increased. 
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Table XLIV. — Water requtremerU of oat planU grown in cuUwre iohUions oj different 

concentrations y according to Heinrich {1894, p. 17S), 



Concentration of culture solution. 



3 grams per liter. . 
1 cram per liter. . . 
0.5 gram per liter. 
0.2S gram per liter 
0.1 gram per liter. 



Dry 
matter. 



Oramt, 
134.3 
74.4 
41.5 
27.8 
17.6 



Grain. 



Grama. 
5.42 
2.71 
.59 
1.07 
1.41 



Water 
tran- 
spired. 



Kilo9. 
69.2 
40.9 
28.4 
19.1 
11.3 



Grain. 



12.800 
15. IW 
48.200 
17.900 
S.020 



Water reqairaiiiflDt 
baaed an — 



I>iT 



515 
550 
684 
688 

642 



CONCLUSION. 



The water requirement of plants grown in water cultures is increased 
if the solution is lacking in a sufficient amount of plant food. 



EFFECT OF A PREVIOUS CROP ON THE WATER REQUIREMENT. 

VON SEBLHORST's EXPBROfBNTS. 

The effect of a previous crop on the water requirement of rye is 
shown in a series of determinations made by Von Seelhorst (1910a). 
These determinations were made in the large pots shown in figure 4 
(p. 68). The results of the determinations are given in Table XLV. 
The experiments were conducted with two series of pots, one series 
having received a light application of manure each spring from 1904 
to 1907 and the other a heavy application of manure each fall during 
the same period. A crop was grown in each pot from 1905 to 1908. 
In the fall of 1908 all pots were planted to rye and the crop harvested 
in 1909. 

Table XLV. — Effect of a premous crop on the water requirement of rye, according to Von 

Seelhorst {1910a, p, 91).^ 





Crops, 1906 to 
11»8. 


Rye, !«»-«. 


Application of manure, 1904 to 1907. 


Number 
of pots. 


Yield. 


Water re- 
qujranent. 


Liffht. In sprins 


Potatoes 

Rye 


3 
2 
1 


Qravu. 
420 
883 
526 


743±23 
750±4 




(Barley 


680 


Mean 


607 




(Potatoes 

. Rye 


8 
2 

1 


431 
874 
482 




Heavy, in fall 


74S±18 
801 ±3S 




(Barley 


666 


Mean 


788 




Rye 


1 


880 




N" FnHn"«nA f»4d«J (chfliAr) . . 


900 









1 The water requirement includes evaporation. The soil was sandy. The results were compfled ftom 
Von Seelhorst's data. In the late summer and fall of 1006 each pot, with the exception of the unmaminMl 
set, produced a crop of lupine. 
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The results of this experiment show that when rye follows potatoes 
the joeld and water requirement are not measurably different from 
that obtained when rye follows rye. When rye follows barley, how- 
ever, the yield is increased and the water requirement is reduced, com- 
pared with rye foUowmg rye. The lower water requirement would 
naturally result from the increased supply of plant food in the barley 
pots, as indicated by the higher yields. 

EFFECT OF SOIL TEMPERATURE OX THE WATER REQUIREMENT. 

kino's bzpbbucbnts. 

King (1895) compared the water requirement of potatoes when 
grown in pots above ground with similar determinations made in pots 
buried in the soil. The pots above ground were protected from the 
direct rays of the sun by a board screen placed on the south side. 
Galvanized-iron pots 18 inches in diameter and 24 inches high were 
used. The plants were covered at night and during rains with a tent 
of heavy duck. It was found that the water requirement was appar- 
ently less wJien the pots were placed in the ground, but the difference 
observed can not be considered conclusive, since it is less than three 
times the probable error (Table XL VI). No data are given regarding 
the temperature fluctuations in the two series of pots. It seems 
probable that the more exposed position of the plants grown in the 
pots above ground would also affect the results. 

Table XLVI. — Effect of toil temperature on the water requirement of potatoes,^ according 

to King (1895, p. t4S). 



Treatment of pots. 


Dry 
matter. 

Qmmt. 
227.7 
163.0 
246.1 

/ 232.5 
t 238.2 


Water. 


Water re- 
(rairement 

Daaedon 
dry matter. 


Above grocmd .....»-, 


107.4 

07.4 

112.0 

loai 

00.0 


472 
S507 


• 


468 


. 


500^36 


SnpV fji poteto fleM . . , , ,-,--,-. - - - - 


430 




415 




423i:6 



I Alexander's Prolific. * King gives 407, wbloh is evidently an error. 

leather's experiments. 

The pot-culture method of measuring the water requirement of 
plants subjects the soil to greater temperature fluctuations than occur 
under field conditions, owing to the exposure of the pots to the direct 
rays of the sun. To determine the effect of this exposure, Leather 
(1910) thermally insulated jars in which maize and wheat were grow- 
ing by surrounding them with from 5 to 7 inches of sawdust through- 
out the period of growth. These were compared with jars fully 
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exposed to the sun bu t otherwise similar in every respect. The results, 
which are given in Table XL VII, show that the efifect of the exposure 
of the pots to the sun is within the limits of other experimental errors. 

Table XL VI I. — Water reauirement of fianU as influenced by the exposure of culture 

pots to tie sun, according to Leather {1910, p. 142). 



Crop. 



FertUlxer. 



Corn. 



Wlwat 

Mean. 



/Nitrate and pbospliata . 
\No fertilizer 



f Rape cake and phosphate . 
\NofBrtlUxer 



Water reqalrement. 



Pots pro- 
tected 
from son. 



438 

630 

832 
1,014 



726 



Pots ex- 
posed to 
sun. 



382 
606 

725 
1,133 



712 



CONCLUBIONB. 

From the data at hand no conclusion can be drawn concerning 
the effect of soil temperature on the water requirement. Leather's 
data indicate that the greater fluctuation in soil temperature accom- 
panying the exposure of the pots to the sun does not materially 
affect the water requirement. 

BFFBCT OF CLUCATIC FACTOBS ON THB WATBB BBQTTIBBHBNT. 

EFFECT OF DIFFEBENT ATMOSPHERIC CONOmONS ON THE WATER 

REQUIREMENT. 

That atmospheric factors profoundly influence the water require- 
ment is evident from the data of numerous investigators. The 
effects of temperature, light, humidity, etc., will be discussed later. 
Here we wish to present the results which can be considered only 
as due to a difference in atmospheric conditions as a whole. 

fittbooen's experiments. 

Fittbogen (1874) published the results of measiu'ements of the 
water requirement made in a plant house and in the open at the 
south side of the plant house. The culture method was the same 
as that used in 1873 (p. 12). The soil-moisture content was 50 to 
60 per cent of the moisture-holding capacity. The difference in 
the water requirement (Table XLVIII) of the plants* grown inside 
and outside was 15 ± 6, which is without significance when the 
probable error is considered. The plants grown in the plant house 
were probably warmer, but were at the same time slightly shaded. 
On the other hand, the outside set received somewhat more solar 
radiation and was exposed to freer wind movement. It is impos- 
sible from data of this kind to draw conclusions as to the specific 
effect of temperature, light, or humidity upon the water require- 
ment, since none of these factors were comparable for the two series. 
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Table XL'VIII. — Effect of different atmosphene conditions on the vnUer requirement of 

oats, acoordirig to Fittbogen. 



PoSitlOD. 


Number 

ofdeter- 

miaations. 


Dry 

matter. 


OraJzL 


baaed on— 




Grain. 

777±10 
810±3 


Dry matter. 


TiwMf) of riant hfrnne 


4 
4 


Oramt. 
13.7 
12.7 


Oramt. 
7.01 
6.46 


308^6 


Outside of plant house, on south side 


413±1 



1 Calculated from Fittbogen's data (1874, p. 145). 
hbllrieqel's experiments. 

Hellriegel (1883) determined the effect of seasonal differences upon 
the water requirement by a series of measurements. The re- 
sults are given in Table XTJX. Red clover was used in this 
experiment; croppings being made at four different times during a 
period of two years and the water requirement of each crop deter- 
mined. It will be seen from this table that the water require- 
ment was much higher for the crops harvested in September and 
January than for the crops harvested in June and July, owing to 
variation in the climatic conditions with different periods of the year. 
Hellriegel also conducted a series of experiments which show the 
effect of different years on the water requirement. (Table LXVII, 
p. 75.) The water requirement of barley in 1868 was almost 40 
per cent higher than in 1870. Similar results were obtained during 
different seasons with other crops. 

Table XLIX. — Effect of the period of growth on the water requirement of red clover^ 

according to Hellriegel (188S, p. 6S4). 



Pot used. 










Date of cropping. 










No. ' 


July 17, 1872. 


Sept. 14, 1872. 


Jan. 8, 1873. 


June 5, 1873. 


Height. 


Dry 

matter. 


Water 
require- 
ment. 


Dry 
matter. 


Water 
require- 
ment. 


Dry 

matter. 


Water 
require- 
ment. 


Dry 
matter. 


Water 
require- 
ment. 


1.? CAptllPAtArif , 


314 
316 


Oramt. 
12.8 
16.0 


362 
311 


Oramt. 

12.8 

8.4 

Note 
14.3 


435 

671 


Oramt. 
0.5 
1.2 

23.6 
2.5 


1,588 
1,646 


Oramt. 
26.6 
18.2 

69.8 
60.8 

in. 6 

98.4 

168.2 
167.0 


292 




467 


Me^n _ . , 


337±22 


663±100 


1,617±25 


380±76 




346 
347 


26.2 
14.3 




34 centiTnAtaiHf 


349 
401 


"W- 


763 
854 


264 




302 


Mean 


876±22 




809±39 


283i:16 




348 
349 


30.0 
21.0 


25.8 
2L2 

Note 
17.4 




10.2 
6.2 

52.5 
11.0 




66 oentimeterB 


293 
417 


439 

546 


451 
649 


266 




286 


Mean 


365±63 


493±46 


546±79 


271±13 




360 
361 


26.2 
26.0 




96 oentimetexs 


357 
410 


i?r^' 


680 
563 


243 




263 


Mean 


384±23 




622±50 


263±8 
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kino's bxperimbnts. 

King (1905) measured the water requirement of com in several 
different places in the United States. (Table XV, p. 27.) Different 
types of soil were employed, and the differences in the water require- 
ment can not therefore be entirely attributed to varying climatic 
conditions. 

VON seblborst's experiments. 

In his experiments with pasture and grassland plants Von SeelhoTst 
(1910) found that the water requirement varied greatly at different 
periods of the year. His results (Table LIX, p. 69) show that the water 
requirement of the pasture crop was the lowest from April 1 to May 1 6 ; 
from May 16 to June 20 it was 58 per cent higher; from June 20 to July 
29, 350 per cent higher; and from July 29 to September 16, 1 10 per cent 
higher. The results of the following year show the water require- 
ment of pasture plants to be over 90 per cent higher for the pericKi 
June 4 to June 28 than for the period April 6 to June 4. Similar 
results were obtained with the grassland pots. 

BRiaOS AND SHANTZ'S EXPERIMENTS. 

The writers in their work at Akron, Colo., have found that the 
water requirement of alfalfa (Table L) was the lowest for the period 
from September 18 to October 22. From May 13 to July 19 it was 
94 per cent higher, and from July 19 to September 18, 160 per cent 
higher. With sweet clover the water requirement for the period 
from July 19 to September 21 was 17 per cent higher than for the 
period from May 13 to July 19. 

Table L. — Effect, of the period of growth on the vHiter requirement of crops ^ according to 

Briggs andShantz (191S, p. SI.) 



Crop. 


Period of growth. 


Water 1 
require- ! 
ment. 


Crop. 


Period of growth. 


Water 
require- 
ment. 


AlfnlfA ., 


f May 13 to July 19 

. July 19 to Sept. 18 

[Sept. 18 to Oct. 22 


1,006±26 

1,364±22 

520±9 


Sweet clover 


/May 13 to July 19 

\July 19 to Sept. 21 


675±5 
793±12 







A comparison of the writers' measurements of the water require- 
ment of wheat and sorghimi grown in northeastern Colorado and in 
the Panhandle of Texas during the seasons of 1910 and 1911 is given 
in Table LI. The results show a higher water requirement for the 
crops grown in Texas, but the diflFerence is relatively much greater 
for wheat than for sorghum, indicating that at least one of the crops 
is better adapted to one region than to the other. 
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Tablb LI. — Compari9on of evaporation and water requirement in Colorado and Texas, 

accoraing to Briggs and Shantz {19 IS, p.'4S). 





Wheat. 


Sorshum. 


Yean and 
stationa. 


Period of growth. 


Evapora- 
tion. 


Water re- 
quire- 
ment. 


« 
Period of growth. 


Evapora- 
tion. 


Water re- 
quire- 
in«nt. 




Ac- Rel- 
tual. ative. 


Acs 

tual. 

664 
853 

468 
673 


Rel- 
ative. 


Ac^ 
tual. 


Rel- 
ative. 


Ac- 
tual. 

356 
359 

298 
313 


Rel- 
ative. 


19H). 

Akron, Colo... 
Amadllo, Tex. 

1911. 

Akron, Colo... 
Dalhart, Tex.. 


Apr. 18 to Aug. 2.. 
Apr. 5 to July 19.. 

May 13 to Aug. 2.. 
Apr. 25 to July 18. 


27.7 
34.0 

24.8 
28.5 


100 

122 

100 
115 


100 
128 

100 
143 


May 26 to Sept. 28. 
May 10 to Aug. 28. 

May 12 to Sept. 4.. 
May 14 to Sept. 12. 


3.1.0 
37.7 

35.0 
41.9 


100 
114 

100 
120 


100 
101 

100 
105 



CONCLUSIONS. 



The data here presented show clearly that the water requirement 
is profoundly affected by atmospheric conditions. Measurements of 
the water requirement conducted during different periods of the year 
show great differences. Experiments conducted at different places 
during the same period, using the same variety, give different values 
for the water requirement, owing to differences in the climatic con- 
ditions. Even though the methods and soil conditions are the same 
for two different years, profound differences are often recorded in the 
water requirement. 

EFFECT OF AIB TEMPERATURE ON THE WATER BEQUIRBMENT. 

The effect of temperature on the water requirement of plants does 
not appear ever to have been investigated under control conditions. 
Seasonal changes in temperature are accompanied by changes in the 
saturation deficit, so that the differences observed in the water require- 
ment of plants resulting from the march of the seasons can not be 
attributed to temperature alone. The investigations which have so 
far been made on this subject have only a qualitative bearing. See 
Fittbogen (1874), Table XLVIII (p. 59); HeUriegel (1883), Table 
XLIX tp. 59) ; King (1905), Table XV (p. 27) ; Von Seelhorst (1910), 
Table LIX (p. 69); and Briggs and Shantz (1913), Table L (p. 60) 
and Table LI (p. 61). 

EFFECT OF SHADE ON THE WATER REQUIREMENT. 

It is well recognized that sunlight is an important factor in increas- 
ing transpiration. It is also known that in ordinary sunlight more 
solar energy is received by the plants than is necessary for photo- 
synthesis. It seems evident, therefore, that an increase in solar in- 
tensity would cause an increase in the rate of loss of water from the 
plant without changing the rate of carbon fixation. Under such con- 
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ditions increased sunlight would, of course, increase the wat^ require- 
ment. 

On the other hand, the use of shade might be expected to lower the 
water requirement, so long as photosynthesis is not interfered with* 

If the shading is carried so far as to prevent carbon fixation at the 
normal rate^ th^n the water requirement would again increase. 

sorauer's experiments. 

Sorauer (1880, p. 463) determined the water requirement of bean 
plants in the dark and in the light. The plants were grown for 20 
days under bell jars, four pots being used in each experiment. The 
water requirement of plants grown in the dark was 21 ±3, and of 
plants in the light, 47±1. This experiment does not really afford 
any evidence with respect to the effect of light upon the water require- 
ment, since no elaboration of carbohydrates is possible in the dark. 
Furthermore, no correction was made for the initial weight of the 
seedling plants, and the apparently low water requirement of plants 
grown in the dark is due to this. This experiment illustrates the 
possibility of securing misleading results from the use of seedlings in 
water-requirement measurements. 

hellrieoel'b experiments. 

The experiments of Hellriegel (1883) are more conclusive. The 
results are given in Table LII. The water requirement was found 
to be lowest when the plants were grown in full light, and increased 
with increasing shade. The actual light reduction resulting from the 
use of the different screens is not stated. The ''medium" screen 
increased the water requirement of the barley approximately 50 per 
cent and of the peas about 75 per cent. 

Table LII. — Effect of different li^ht intensities on the water requirement of barley and 

peaSf^ according to Hellriegel {1883, p. 63S). 





Sise of pot. 

• 


FuU light. Shade. 


Plant. 


Dry 
matter. 


Water 
require- 
ment. 

360 
338 


Wide screen. | Medium screen. 

1 


Close screen. 




Dfy 
matter. 


Water 
require- 
ment. 


Dry 
matter. 


Water 
require- 
ment. 


Dry 
matter. 


Water 

requiRK 

ment. 


Barley 


/65 by 67 centimeters. . . 
\34 by 36 cenUmetera. . . 


Orams. 
57.3 
28.0 


Orams. 
15.3 
12.2 


498 
468 


Orarru. 
10.8 
11.8 


510 
528 


Granu. 

7.7 
6.5 


009 
542 


Mean.. 


349d:9 


483 d: 13 


519±8 


576±29 




34 by 35 centimeters. . . 


/ 38.4 
\ 37.1 






843 
364 






Peas 






11.4 


624 
















Mean. 


354d:9 























1 Garden soil was used. The amount of soil did not affect the water requirement. Evaporation was 
prevented bv waxed-board covers. Each given determination of water requirement is the mean value 
of two measurements, except that the one lor shaded pea is a ahigle measurement. 

286 



EFFECT OF CLIMATIC FACTORS ON WATEB REQUIREMENT. 63 
PFEIFFBR, BLANCK, AND FLtOBL's EXPBBI1CENT8. 

Pfeiffer, Blanck, and Flugel (1912) obtained a slight increase in the 
water requirement of oats, due to shade. Unfortunately; however, no 
idea is given of the light reduction resulting from the use of the shade. 
Their results are given in Table XIII (p. 24). The difference in the 
water requirement of the shaded series and the series in full light was 
20 ±3; which corresponds to an increase of about 5 per cent due to 
shading. 

CONCLUSIONS. 

The intensity of the sunlight or the extent to which it was reduced 
by the various shades used is not stated in any of the above investi- 
gations, so that it is not possible to draw specific conclusions from the 
data here presented. All of these data, however, indicate that shad- 
ing produces an increase in the water requirement. It seems probable 
that in these experiments the shade was so dense as to reduce photo- 
synthesis. This would in turn decrease the rate of growth and so 
increase the water requirement. 

EFFECT OF AIR HUMIDITY ON THE WATER REQUIREMENT. 

borauer's experiments. 

Sorauer (1880) investigated the effect of humidity on the water 
requirement by growing a number of woody plants in moist air and 
in dry air. (Table LIII.) The water requirement in moist air aver- 
aged about 80 per cent of the water requirement in dry air. 

Table LIII. — Effect of dry and moist air on the water requirement of woody plants^ 

according to Sorauer (1880 y p. 4S5). 




heinrich's experiments. 

Heinrich (1894) grew oats in damp air and in air dried by calcium 
chlorid. (Table LIV.) The plants were grown in glass pots, only one 
pot being used in each experiment. The relative humidity of the air 
is not given in either experiment. The results are very striking, the 
water requirement of the plants grown in dry air being over five times 
that of the plants grown in moist air. 
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Table LIV. — EffetiL of dry and moUi air <m the waUr reqtrirement of oote/ 

Heinrieh {1894, pp. 170-171). 



to 



Treatment. 



Moist air. 
Dnralr.. 




Water. 



KUognnu. 
0.6540 
5.5567 



Water re- 
quirement 
on basis of 
dry matter. 



*U0 
618 



1 Duration of experiment. May 14 to July 29; 3 plants per pot. 
X Heinridi gives 102, whlcn is evidently an error. 

MONTOOMEBY AND KIEBSELBACB's BXPBSIMBNT8. 

The most conclusive experiments on this subject are those of Mont- 
gomery and Eiesselbach (1912) with com. Two greenhouses were 
used, one of which was ventilated and the other kept as humid as pos- 
sible by wetting the floors and by using atomizers on the water system. 
The experiments were conducted in June and July. Apparently 4 
large, covered pots, each containing 2 com plants, were used in each 
house. Self-registering thermometers and hygrometers were used to 
record the temperature and humidity in each house and the evapora- 
tion from a free water surface (36 square inches) was also measured. 

Montgomery and Kiesselbach's sununary of the conditions in the 
two houses and the resulting water requirement is given in Table LV. 

Table LV. — Relation of humidity and other factors to the water remdremerU of com, 

according to Montgomery and Kiestelhach {1912 y p. 4)- 



Mean temperature: 

12 hours of night • F. 

12 hours of day^ • F. 

Mean relative humidity: 

12 hours of night per cent. 

12 hours of day do... 

Total weight of 8 plants grams. 

Average leaf area per plant. square inches . 

Total water used kilograms . 

Water requirement: 

Based on dry weight grams. 

Based on square inches of leaf area do. . . 

Water evaporated from 36 square inches of f i ee - wa ter surfKW do. . . 



1 Dry 


Humid 


I green- 
' house. 


green- 
house. 


80 

91 


75 
88 


48 

37 

670.36 

1,079 

227.785 


72 

58 

86L77 

1,070 

184.230 


340 

27.3 

3,891 


191 

19.2 

2,187 



Ratio, 
humid 
to dry. 



1.56 
1.70 
1.56 



Table LV shows that the corn grown in the dry house had a water 
requirement 56 per cent higher than that in the humid house. It 
is of special interest to note that the evaporation from a free water 
surface in the dry house exceeded that in the humid house by the 
same amount, 56 per cent. 

Another point of interest in connection with the above data 
which was not brought out by Montgomery and Eaesselbach arises 
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from the consideration of the relative humidity of the two houses. 
Other things being equal, the rate of evaporation would be propor- 
tional to the saturation deficit. This can, furthermore, be limited to 
the saturation deficit during the day, since the transpiration at night 
is so small that it can be disregarded. 

The pressure of aqueous vapor in saturated air at the mean day 
temperatures of the dry and humid houses is 31.67 and 31.11 milli- 
meters, respectively. The corresponding saturation deficits ex- 
pressed in terms of vapor pressure would then be 

31.67X(1.00-0.37)=19.95 miliimeters, 
and 31.11X(1.00-0.58)=13.05 millimetere. 

The ratio of these saturation deficits is 1.53, as compared with 1 .56 
obtained experimentally as the ratio of the water requirements. 
The linear relationship which is thus indicated between the saturation 
d^cit and the water requirement must, of course, be considered only 
as tentative until its validity shall have been determined through 
further experiments. It affords, however, a possible method of deter- 
mining indirectly from the mean relative humidity the relative water 
requirement of crops in different sections of the country, provided the 
temperature and the other climatic factors are equally favorable for 
growth. 

CONCLUSIONS. 

All of the investigations that have been made relative to the effect 
of humidity on the water requirement of plants show conclusively 
that the water requirement is greater in dry than in moist air. 

Montgomery and Kiesselbach have found that the water require- 
ment of com is proportional to the evaporation from a small free 
water surface. From their data the writers have shown that the 
water requirement is also approximately proportional to the satura- 
tion deficit. 

EFFECT OF THE CARBON-DIOXID CONTENT OF THE AIR ON THE WATER 

REQUIREMENT. 

SORAUER^S EXPERIMENTS. 

Sorauer (1880) measured the effect of the carbon-dioxid content 
of the atmosphere upon the water requirement (Table LVI). Rape 
was grown in free air and also under two bell jars. In one of the bell 
jars a solution of potassium hydrate was kept to reduce the carbon 
dioxid of the air. The results indicate that the water requirement is 
greatly increased by reducing the carbon-dioxid content of the 
atmosphere. 
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Tablb LVI. — Effect of insufficient oar6on dioxid in the air on the water requirement oj 

rape, according to Sorauer (1880, p, 4^). 



Duration. 


In free air. 


Under beU Jar. 


Under beU Jar, with po- 
tawium hydrate. 

• 


Number of 
determina- 
tions. 


Water re- 
quirement. 


Number of 
determina- 
tions. 


Water re- 
quirement. 


Number of 
determina- 
tions. 


Water r»- 
quiranunt. 


Dom. 
20 


4 


282±11 


3 


2I3±5 


3 


3&5±6 



CONCLUSIONS. 

The effect of the carbon-dioxid content of the atmoBphere upon the 
water requirement appears to have been investigated only by Sorauer. 
He found the water requirement to increase when the carbon-dioxid 
content was diminished. This is in accord with what is now known 
r^arding the rdle of carbon dioxid in photosynthesis. 

BFFBCfl OF PABASITBS ON THB WATEB BBQTTniEMBllT. 

WOfMBR's KXPERIMBNT8. 

Winuner (1908) reported a series of experiments to show the effect 
of nematode-infested soil on the water requirement of sugar beets 
and celery. The results (Table LVII) show without exception an 
increase in the water requirement due to the action of the parasitic 
worms. This is probably due to the fact that infested plants grow 
much more slowly than those not infested, as is indicated by the 
weight of dry matter produced in each case. 

Table LVII. — Effect of nematodes^ on the water requirement ofsu^ar beete and celery, 

according to Wimmer. 



Crop and plat. 



Weight 

of soil 

per pot. 



Sugar beets: 
A7n 

A8n.... 
Celery: 
A7n.... 

A8n 



Ommt. 

8,106 

8,106 
8,106 
8,202 

8,106 
8,202 



Nema- 
todes. 




Alive 



Fertiliser per pot. 



K|0 



Oranu. 



0.705 
.706 

.706 
.706 
.705 
.705 



N 



Oram*. 

0.224 

.224 

1.820 

1.820 

.700 

.700 



.224 
.224 



PiOi 



CffaiiM. 
0.356 
.355 
.355 
.355 
.855 
.355 
.365 
.355 

.835 
.835 
.335 
.835 



SoU- 
molBture 
oontcnt. 



Percent. 
16 
16 
16 
16 
12 
12 
16 
16 

14 to 15 
14 to 15 
14 to 18 
14 to 18 



Mean of 

dry 
matter. 



Oranu. 
47.8 
19.1 
75.9 
36. 8 
45.4 
34.4 
21.9 
6.6 

52.2 
83.5 
40.5 
23.7 



Water 
require- 
ment. 



419±4 
983 ±118 
336i:ll 
567i:85 
395i:14 
474i:26 
710db41 
2,Q63±57 

2e9i:49 
868±15< 
422±20« 
531±4 



1 The nematodes were killed by carbon-bisulphid treatment. Computed from Wlmmer's data (1906, pp. 
142-143, 154-155). A7n is the mean of two determinations^ A8n the mean of three, eacoept as noted. 
* Mean of four determinations, 
s Mean of two determinations. 
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THE EFFECT OF BELATITE LEAF AREA ON THE WATEB BEQXTIREMEMT. 

Montgomery's bxperimbnts. 

Montgomery (1911) has investigated the influence of the leaf area 
of com on its water requirement, using for this purpose selected 
strains haying a high leaf area and a low leaf area, respectively. 
The plants were grown in large potometers of two sizes, one con- 
taining 1,000 pounds and the other 350 pounds of soil. The larger 
potometers contained two plants each, the smaller ones a single 
plant. The results of the experiments, which cover a period of 
three years, are given in Table LVIII, and show that, with an average 
difference in relative leafiness of 14 per cent, the more leafy type 
had a water requirement 7 per cent higher than the less leafy strain. 
The leafy plants required 16 per cent more water to produce an 
equal weight of ear. 

Table LVIII. — Effect of relative leaf area on the water requirement of com, according 

to Montgomery {1911 ^ p. 150). 



Yetf. 


Ratio of leaf area 
to dry weight. 


Ratio of 

high to 

low. 


Water require- 
ment 


Ratio of 

high to 

low. 


Low leaf 
area. 


High leaf 
area. 


Low 
leaf. 

220 
263 
236 


High 
leaf. 


1907 


2.31 
2.33 
2.10 


2.65 
2.73 
2.36 


1.14 
1.17 
1.12 


242 
287 
240 


1.10 


1909 

1910 


1.00 
1.02 


Mean 


1.14±.01 


1.07±.02 




1 







The transpiration per unit area of leaf was higher in the less leafy 
types, the ratio of low to high leaf area for the three years being 1 .04, 
1.07, 1.10. But some transpiration takes place also from the stalk, 
which would be relatively greater in the type with low leaf area, and 
the effect of this would be to make the transpiration of the low leaf- 
area strain per imit area appear higher than it really is. This effect 
is not sufficient, however, to account for the differences found between 
high leaf-area and low leaf-area types. From a computation made 
by the writers it appears that, in order to account for the observed 
differences in transpiration per unit area of leaf, the stalk would have 
to possess an area which is the equivalent as regards transpiration 
of 20 to 40 per cent of the total leaf area. 

Montgomery's results indicate that the transpiration loss of com 
in proportion to the growth made is decreased by a decreased leaf 
area. It is possible, however, that the narrow-leaved type developed 
through selection possessed also a varietal efficiency in the use of 
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wster independeiit of its leaf area. Further ex[»erimentation, usin^ 
Btrains of other pUmts with high aod low leaf areas, is desirable in thb 
connection. 

EFFECT OF FREQUENT CUTTING ON THB WATEB BEQDIRBHENT. 



Von Seelhotst (1910) conducted an experiment to determine the 
water requirement of grassland and pasture. The pota used by Von 
Seelhorst (1902, p. 276) had a surface 1 square meter in area, a 
depth of 1.3 meters, and were moimted upon trucks in a trench run- 
ning east and west, which was provided with cement waUs and floor 



Tk. 4.— Appantu uord b; Van SaeUunl (1903] In hi* Latar OMUunnutita of 



(fig. 4). The bottom of the pot (a) was so constructed as to permit 
free drainage. The scales (6) for weighing the trucks were built in 
as a part of the trench (4). The rainfall was determined from the 
rain-gauge measurements or directly by weiglung, and the drainage 
water was also collected. No correction was made for evaporation. 
The pots which represented pasture were cropped more often than 
those which represented grassland. This was apparently the only 
difference in treatment. Ordinary grassland and pasture grassee were 
grown. The results of two years' work are shown in Table LEX, 
from which it will be seen that tlie water requirement was higher 
imder pasture-land conditions than under grassland conditions. From 
these results, one would conclude that the frequent and continued 
cropping as the result of pasturing increases the water requirement 
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per unit of dry matter produced, and that grassland can produce dry 
matter more economically when allowed to continue its growth 
uncropped for a longer period. 

Tablx LIX. — Relative water requvremtnt of pasture and groisland^ according to Von 

Seelhont (1910, pp, 84-^),^ 



Period of growth. 



Pasture. 



Dry 
matter. 



Water re- 
quirement 



OraMtand. 



Dry 
matter. 



Water i»- 
qnJremeDt. 



Apr. 1 to May 16... 
Apr. 1 to June IS... 
May 16 to June ao.. 
June 18 to July 29.. 
June ao to July 29.. 
July 29 to Sept. 16.. 



1906. 



Onmi. 
lfiO.6 



348 



156.0 



716 



Oramt. 

' "iii'fi 



100.6 
135.0 



1,130 
546 



253.7 

'aoi's 



370 

733 

'513 



Whole period. Apr. 1 to Sept 16. 



542.1 



620 



972.5 



Apr. 6 to June 4. . 
Apr. 6 to June 28. 
June 4 to June 28. 



1909. 



325.1 
' 56. 6 



429 



584 



451 



846 



Whole period, Apr. 6 to June 28. 



381.1 



584 



451 



> Determinations were made in larse pots, shown in fig ore 4 and desoribed by Von Beelhorst (1906). 
Ordinary grassland and pasture plants were used. The experiment was continued untU Sept. 27, 190^ 
but no comparable data are given after June 28, 1909. 



EFFBCT OF DEFOLIATION ON THE WATEB BEQUIBEHENT. 

SORAUER's BZPBRIMBNT8. 

Sorauer (1880) determined the effect of defoliation upon the 
water requirement of a grapevine grown in distilled water. The 
experiment was continued from July 14 to September 14. The 
results (Table LXIX) indicate that the removal of the leaves at the 
beginning of the experiment increased the water requirement over 
50 per cent. 

Table LX. — Effect of defoliation on the water requirement of a grapevine, acoordmgto 

Sorauer (1880, p. 461). 





In leaf. 


Defoliated at start. 


Plant. 


Number of 

detennln*- 

tions. 


Water re- 
quirement. 


Number of 

detennina> 

tiom. 

2 


Water re- 
quirement. 


Vith vintfmi ( Jaom^) ..- ■ 


2 


122±1S 


180d:8 
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EFFECT OF THB AMOUNT OF OBOWTH OB NUMBBB OF PLANTS PO 
UNIT OF SOIL MASS ON THE WATEB BEQUIBEMENT. ^ 

VON 8EELHOR8T AND bUnOKR'B KXPERIMBNTS. 

Von Seelhoret and Bunger (1907) measured the water requiremeni 
of Slimmer wheat when five plants were grown in each pot and when 
single plants were used. The experiments were carried out in pot> 
containing 12 kilograms of soil. The results are given in Tabk 
XXXII (p. 44) . In 1 4 out of 1 5 trials a higher water requirement wa? 
obtained when five plants were grown in a pot than when single plants 
were used. The increase in the water requirement was, however, 
small, averaging about 15 per cent for the low water-content series, 
and about 4 per cent for the high water-content series. It will be 
noted that the amount of dry matter produced varied greatly ac- 
cording to the treatment, and that in every case a single plant pro- 
duced more than one-half as much dry matter as five plants taken 
together. As already suggested (p. 44), this indicates a deficiency 
of plant food in the small pots containing the five plants. 

EFFECT OF THE AGE OF THE PLANT ON THE WATER REQUIREMENT. 

YON SEKLHORBT'B EXPERIMENTS. 

Von Seelhoret (1908a) experimented with lupine to determine tho 
effect of duration of growth on the water requirement. The experi- 
ments were started on August 2, and the plants in eight pots wen^ 

1 Von Seelborst ( IQlOa, p. 91 ) in presenting the data used in compiling Table XL V (p. 66) arranged the pots 
wittaout respect to prevloas treatment or prevkHis crop, in the order of decreasing jrMds. as Mlows: 



1 

Dry matter. 


Water requirement, 
including evaporation. 


Actual. 


Mean. 


Actual. 


Mean. 


520.0 
482.3 
482.1 
458.6 
414.8 
399.4 
397.4 
395.5 
393.5 
390.6 
390.0 
350.6 
339.0 


OfSIM. 


389 
685 
666 
720 
731 
777 
761 
768 
754 
763 
793 
840 


Graflw. 










* 








394.4 


769 




900 










From these results he concludes that the water requirement increases as the production of dry matter 
decreases. The amount of growth was, howevo', greatly influenced by the fact that some pots contained 
more plant food than others, due to differences in the previous treatment. The unfertillEed pot produced 
a light crop, and, as already shown in the section dealing with the effect of fertilixers on the water require- 
ment, a deficiency in the plant-food supply greatly increases the water requirement. 

It does not necessarily follow from this experiment, therefore, that the water requirement is inversely 
proportional to the amount of growth. These data are of value rather in showing the effect of fertiliiflr 
and of the previous cn^ upon the water requirement, and have been thus considered by the writen. 
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harvested October 8. The plants in the remaining four pots were 
harvested December 7. The water requirement of the pots last 
liarvested was about 40 per cent higher than those first harvested. 

These results (Table LXI) indicate that the water requirement 
during the later period of growth was greater than that during the 
earlier period of growth. Climatic conditions influence the water 
requirement so profoundly that it is unsafe to draw conclusions 
from this experiment. 

Table LXI. — Effect of length of the growth period on the water requirement of lupine^ 

according to von Seelhorst {1908a, pp. 199-tOl)} 



Psiod. 



Number of 
detcrml- 



Dry 
mattar. 



Wate 
nquin- 



Aus. 2toOet8. 
Aug. a to Dec 7. 



8 

4 



(Trsaw. 
810±8 
264±7 



216±6 



1 For oonwtkxn of date, see Von Seelhorst (1900). An error occurs in Von Beelborst's paper where the 
water requtrement for pot 6 is given as 613 instead of 310. 

A uniform correetion is applied for evaporation based upon the evaporatiOD from a hare ohadk pot, but 
onlv 70 per cent of the evaooratlon loss from the check pot is deducted. 

Tue probable error includes diflerenoes due to previous treatment. One half of the note for each period 
of growth were fertttlMd lichtlv in the spring and the other half heavily in the lall. Half of the pote for 
the short period had previously produced rye and half, potetoes. The same is true for the long'«ertod 
pote, except that barley and potetoes were the previous crops. The experiment was conducted in the larger 
pote deionbed on page 68. 

fbst's bxpbrimentb. 

Fest (1908) determined the water requirement of the bush bean 
at different times during its growth, using 72 pots, each containing 
20 kilograms of soil. Ten beans were planted in each of 70 of the 
pots and 2 were left as checks. Shade was provided for the check 
pots as the crop developed. The shade was a disk of roofing paper 
cut radially inward from the circumference into narrow strips to a 
depth of 10 centimeters. Alternate strips were bent inward more 
or less to obtain the shade desired. Each pot was given 1 gram 
each of potassium, nitrogen, and phosphorus, and 2 grams of calcium 
carbonate. The pots were kept in the plant house during the experi- 
ment. The results (Table LXII) indicate a higher water require- 
ment during the later periods of growth. This may be due to the 
period of growth, but no check was provided against a change in 
climatic conditions during the pn^ess of the experiment. The 
later part of the experiment was conducted during the warmest 
months of the year and this would increase the water requirement. 
For this resison the experiment as conducted does not seem to the 
writers to be conclusive as regards the relative water requirement 
at different stages of growth. 
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WATBB BBQUIBEMEKT OF PLANTS. 

'Ejfeei o/dwnUion of growth on the water requiremeni of the 6u«4 bean 
GoUingen, according to Fest (1908, p. 34).^ 



o: 



Period of growth. 


Condition at bwveet. 


Number of 

plants 
harvested. 

350 

m 

150 

104 

25 


Dry matr 
ter. 


Water rr> 
qulramait. 


May 28 to June 19 


Third leaf formed 


2B5.8 
450.8 
438.4 
881.3 

407.8 


l%4 


June 30 to July I 




a. 


July 3 to July 10 


En^ <tf bjbom 


ic 


July 11 to July 25 


Fruit formed 


2R 


July 26 to Au£. 18 


Ripe 


»H 









1 Twenty kUogranu of soil per pot; water content, 70 per cent of moisture-holding capacity. 

VON 8EELHOR8T*8 LATER EXPERIICENTS. 

The results obtained by Von Seelhorst in 1910, already given in 
Table LIX (p. 69), lead to the conclusion that the older growth on 
grassland consumes less water in proportion to the dry matter pro- 
duced than does the younger growth or that following cutting. This 
would indicate that the results previously recorded in this section 
were largely an expression of climatic differences. 



CONCLUSIONS. 



Most of the evidence presented regarding the effect of the age of 
the plant on the water requirement does not seem to be conclusive, 
since the changes in climatic conditions have not been eliminated. 
Von Seelhorst's later work indicates that a nearly matured plant has 
a lower water requirement than a young plant. 

WATBB BBaxnSBlCBirr OF DXFFSRSNT KINBB OF PLANTS. 

woodward's ezperixents. 

Woodward (1699) was the first to show that different kinds of 
plants do not have the same water requirement. His experiments 
with culture solutions (p. 54) included also the determination of the 
water requirement of different plants grown in spring water. His 
results, which are based on green weight, are summarized in 
Table LXIII. 

Table LXIII. — Water requirement of plants in England, according to Woodward (1699, 

pp. tOO-201). 



Plant. 



Culture. 



Numb«rof 
determi- 
nations. 



Oreen 

weight 

produced. 



Water re- 

auiranent 

Dasedon 

gieen 

weight 



Spearmint. 
Solanum. 



Spring water. 
do 



Lathynis l do. 



1 
1 
1 



Orams. 
0.97 
3.005 
.227 



170 
715 
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The results arc of interest chiefly because of the early date at which 
ihey were obtained. It is evident that Lathyrus made very little 
growth but continued to transpire, thus increasing its water require- 



ment. 



LAWES'S EXPERIMENTS. 



Lawes (1850) was the first to make a careful comparison of the 
water requirement of crop plants. The results of his experiments 
have been discussed and are given in Table XXI (p. 31). The water 
requirement of the different plants measured is summarized in 
Table LXIV. 

Table LXIV. — Water requirement of crop plants in England, according to Latoes (1850, 

p. 54). 



f!rop. 



Wheat. 
Barley. 
Clover. 

Wheat. 
Barley. 
Beans. 



Clover. 



Culture. 



Sou. 

...do. 

..do. 



.do. 
.do. 
.do. 
.do. 
.do. 



Number of 
determfna- 

tloiUL 



3 
3 
3 

2 
2 
2 
2 
2 



Mean dry 
matter. 



Oruwu, 
25.3 
27.0 
11.4 

29.1 
31.3 
34.8 
28.5 
14.2 



Water re- 
quirement. 



225 
282 
21« 

235 
258 
214 
286 
251 



Remarkn. 



Comparable. 



Do. 



No probable error can be applied to these results, since three series 
of determinations were made, one with manured soil, one with 
tmmanured soil, and one with soil containing mineral manure. The 
wheat, barley, and clover were treated in the same way and the 
results are directly comparable. The residts show but little differ- 
ence in the water requirement of the different crops. 'In the order of 
increasing water requirement the crops are beans, peas, wheat, 
clover, and barley. These results agree with those of the writers in 
placing the water requirement of barley above that of wheat. 

WOLLNY'S BZFBRIMBNT6. 

Wollny (1877) determined the water requirement of a nmnber of 
plants. He grew the plants in small zinc cylinders of two sizes, 
20 centimeters in height and either 22 or 13 centimeters in diameter. 
Each cylinder was provided with a cover, in the center of which a 
tube 2.5 centimeters long and 3 or 4 centimeters in diameter was 
soldered. The seeds were planted directly below the tube. The 
cylinders were kept on the west side of a house provided with an 
overhanging roof to protect them from the rain. They were weighed 
every three days, and the water lost was replaced. A correction was 
made for the water lost through evaporation from the soil by weigh- 
ing pots provided with similar covers but containing no plants. 
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Wollny apparently used but a single pot in the case of each crop. 
His experiments extended through approximately four months. No 
determinations are given regarding the amount of grain produced. 
The ratio of the water transpired to the dry matter * produced in 
Wollny's experiments is given in Table LXV. 

Table LXV. — Water requirement of crop plants in Munich, Germany, aoeording to 

WoUny {1877, p. lU), 



Orop. 



Com 

Barley 

Oats 

Ifillet 

Buckwheat 



Dry 
matter. 



Groiiu. 

4S.1 
0.4 

10.7 
6.3 
0.4 



Watw re- 
quire- 
ment. 



774 
065 
447 
640 



Crop. 



Peas 

Rape 

Mustard.. 
Sunflower 



Dry 
matter. 



(TrsiM. 
9.8 
4.9 
5.9 

27.8 



Water re- 
quire- 



410 

912 

843 
4S0 



SORAUBR's BXPERniENTS. 



The data presented by Sorauer (1883) which bear on the water 
reqtiirement of different crop plants are given in Table LXVI. 

Table LXVI. — Water requirement of crop plants in Germany, according to Sorauer 

{1883, pp. 90-91). 



Plant. 



Rye... 
Barley. 
Wheat. 
Oats... 



Culture. 



Water culture. 

....do 

....do 

....do 



Duration. 


Number of 
determina- 
tions. 


Dry 
matter. 


» 
53 
53 
53 


8 
7 
8 
8 


a 144 
.327 
.068 
.104 



Wftter 
require- 
ment. 



413 
490 
706 
000 



These data are taken from Table XLIII (p. 55), and include the 
two series grown in a weak nutrient solution. The residts are not in 
accord either with our results for the four crops or with those of 
Lawes for barley and wheat or with Wollny for oats and barley. 
This may be due to the fact that the plants did not reach maturity. 

hellrieoel's experiments. 

Hellriegel (1883) conducted a series of water-requirement experi- 
ments extending over a period of seven years and including a number 
of crop plants. By a series of ratios Hellriegel has also compared 
the relative water requirement of the crops not grown simultaneously. 
His results for each year are given in Table LXVII and the mean 
values are given in the last column. 



1 It is not clear from WoUny's deecription whether the term refers to air-diled or oven-dried mateilaL 
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Previous to 1871 the experiments were conducted in open jars 
containing about 4 kilograms of sand. Check pots were used to 
estimate the loss by evaporation. In 1871 and during succeeding 
years the soil was covered with a board infiltrated with a wax and 
paraffin mixture, which greatly reduced the direct evaporation. The 
crops grown during the year 1867, arranged in the order of increasing 
water requirement, are barley, rye, wheat, and oats. During the 
year 1868 the water requirement of all the crops was higher than 
in 1867. In 1871 the horse bean had the lowest requirement, followed 
by barley and yellow lupine in order. The order of these crops was 
the same in 1872. The crops grown in 1872 arranged in order of 
increasing water requirement are pea, horse bean, barley, rape, red 
clover, buckwheat, and yellow lupine. The results in 1873 as com- 
pared with those of the same crops grown during 1872 shows the order 
to be exactly reversed. The differences are small in most cases, when 
the probable error is considered. 

A comparison of the results in the last column of Table LXVII 
shows the water requirement of barley and of red clover to be the 
same, wheat 9 per cent higher, rye 14 per cent higher, and oats 21 
per cent higher than barley. Of the other crops, the horse bean and 
pea have the lowest water requirement, while tlie remaining crops 
exceed the water requirement of barley. 

kino's experiments. 

During the years 1891 to 1894 King (1892 to 1895) conducted a 
series of experiments dealing largely with the relative water require- 
ments of different crops. Correction was made for rainfall, but not 
for evaporation. King does not give the results of his duplicate 
determinations except for com, the other results being expressed as 
mean values. The comparable results are shown in Table LXVIU. 

Table LXVII I. — Water requirement of crop plants in Witconsint aeoording to King 

(1889 to 1895).^ 



Crop. 



18| 



Dentoorns. 
FUntcom.. 

Oats 

Barley 

Field peas.. 
Red Clover. 
Potatoes... 



1891 



t^ 









2305±5 



2502^:6 
401 ±2 



1892 



2 
2 
2 
2 



^1 



o 

Km 



318±68 



«526 
«375 

M77 
«564 



1893 



^8 



9 



flS-3 



*3gO:ft:9I 



«398 



1894 



H 



«a 



I 



504±25 



423±6 



Sum- 
mary. 



S 






310 
390 
541 
388 
477 
481 
423 



Relative water requirement 
compared with oats. 



Crop. 



Oats 

Barley 

Dentcom*. 
Field pea... 
Red clover. 
Potatoes... 



1801 



100 
80 
61 



1802 1894 



lOOl 
71 
00 
01 

107 



100 



71 



1 In this table the writers have endeavored to eliminate errors in comparison. Consequently, they have 
omitted the determinations which were specially fertillEed and have not used a weiuited mean in the 
summarv. The exiMriments in 1891 were made In SOi^lon barrels, painted and sunklevel with the sur- 
iiboe of the ground. In 1892 galvanised cans 18 by 40 inches were used in place of the barrels. In 1894 
the plants and pots were protected tnm rain by a temporary cover of heavy duck. The potato «H^ti^ ^^en 
18 by 24 inches. 

* Pride of the North variety used. 

s For an error in King's data in connection with this value, see Table XXV (p. 36). 

* There were two pots, bat the results are given only &<( a mean. 
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From these results it would appear that the water requirements of 
oats, clover, and field peas are about the same. Potatoes and 
barley have a somewhat lower water requirement, and dent com 
requires about 40 per cent less water than oats for the production of 
an equal amount of dry matter. 



VON SBBLHORST'S EZPBBIMENTS. 



Most of the experiments conducted by Von Seelhorst were for the 
purpose of determining the effect of various environmental factors on 
the water requirement. In his experiments, published in 1906 and 
1908, different crops were grown simultaneously imder comparable 
conditions, as shown in Table LXIX. The experiments with rye, 
barley, and potatoes were conducted in the large pots described on 
page 68. 

Tabids LXIX. — Water requirement of crop plants at Gottingen^ Germany, according to 

Von Seelhorst {1906, 1908, and 1908a)^ 



, dat« of pubUcation, and 
page raferenoe. 



First series, 1906, p. 329. 



Second serieB, 1906, pp. 340-342 . . 



Third series, 1008, pp. 195-197. . . 



Fourth aeries, 1906a, pp. 203-207. 



Crop. Soil type. 



fWheat.... 

Rye 

Potatoes.. 

Hye 

Barley.... 
Potatoes.. 




Potatoes. 

Rye 

Bailey... 



Loam. 
..do.. 
..do.. 

Sand.. 
, . .do. . 
, ..do.. 



Sand... 
...do... 
. . .do. . . 



Number 

ofdetet^ 

mina- 

tions. 


Dry 
matter. 


1 


Grsfiw. 
942 


1 


700 


1 


1,173 


2 


864 


1 


457 


3 


* 1,685 


1 


883 


1 


827 


1 


823 


6 


286 


4 


343 


2 


457 

1 



Water 
require- 
ment. 



833 

375 
S26e 

480 
454 

*60 

307 
346 
268 

294 
383 
205 



Period of growth. 



Oct. 8, 1904, to 
Aug. 2, 1906. 

Cot. 8, 1904, to 
Aug. 3, 1906. 

Apr. 26 to Oct. 
10, 1905. 

Aug. 10, 1904, to 
Aug. 2, 1905. 

Mar. 29 to Aug. 
2,1905. 

Apr. 26 to Aug. 
3,1906. 

Oct. 17, 1006. to 
Aug. 12, 1907. 

Mar. 30 to Aug. 
12, 1907. 

May 11 to Nov. 
6,1907. 

Apr. 24 to Aug. 

7,1907. 
Oct. 12, 1906, to 

Aug. 7, 1907. 
Mar. 30 to Aug. 

7, 1907. 



1 The experiments were mainly conducted in square-meter pota (p. 68). The data in each group are 
comparable, but the different groups can not be intatx)mpared. In the last series half of the detennination 
for each crop is ftrom pot^ thafrecelved heavy fertilizer in the ftiU and half that received lif^t fertilizer in 
the spring. (See Table XLV. p. 74.) Each pot produced a crop of hipine in the late Bummer and fell of 
1{)06. The probable error is therefore not given. The second series, rye. barley, and potatoes, grown in 
1905, were an in pots which were given a light application of manure in the spring. 

* water requirement based on green weight, 66. 

• Green w^f^t or based on green weight. 
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Table LXIX. 



WAT£R BEQUIBEMENT OF PLANTS. 

Water requirement of crop plants at Gottingen, Crermanyf according to 
Von Seetkoret {1906, 1908, and i^(Wa)— Continued. 





RiLATivs Watbr Rkquirbmxht Compakbd with Rtz. 








Crop. 


First 


Second 
eeriee. 


Thlitl 
oerioB. 


Fooitta 


Rye 


100 


100 
05 


100 
112 


100 


Barley 


77 


Potatoes 


72 
89 


1 1 


Wheat 








Beets 




87 













According to the above figures, rye and barley have about the same 
water requirement. Potatoes have a water requirement three-fourths 
that of rye, while wheat and beets are intermediate. 

wnyrsos's expbrimsnts. 

Widtsoe (1909) gives the average water requirement found for 
each of the crops used during the 4-year period covered by his experi- 
ments. (Table XVII, p. 28.) The results obtained using "College 
loam" soD may be considered as representing the water requirement 
of crops at Logan, Utah, when grown in productive soils. Widtsoe 
gives the following values for the water requirement of crops in this 
soil: Corn, 386; wheat, 546; sugar beets, 497; and peas, 843. These 
results are in agreement with those obtained by the writers in north- 
eastern Colorado, with the exception of sugar beets, the water require- 
ment of which is 32 per cent higher than the ratio obtained there. 

leather's experhcents. 

Leather (1910, 1911) has measured the water requirement of a num- 
ber of crops at Pusa, India. His experiments were carried on in 
glazed stone jars of various sizes, 9 or 12 iaches in diameter and 
from 12 to 22 inches in depth, ranging in capacity from 12 to 48 
kilograms of soil. The jars were not covered, the loss of water from 
the soil being estimated by the use of check jars in which no plants 
were grown. When a number of crops were grown in the same soil, 
four blank jars, two of which contained manured soil, were used, and 
the arithmetical mean of the losses taking place from the four jars 
was assumed to represent the amount of water which evaporated 
directly from the soil during the experiment.* 

1 Leather cites In illustration fonr blank jars which lost 9.03, 10.68, 13.03, and 14.11 kOograms, respec- 
tively, during the growing period. He states that the differences are not attributable to the presence of 
manure. The probable error of a single determination as calculated ih>m the above figures is 1.6 Ulograms. 
The water transpired by juar with different treatments during the period covered by the above figures is 
as follows: Unfertilized, 3.4 and 6.7 kilograms; with nitrogen, 6.2 and 7.1 kilograms; with nitrogen and 
phosphoric acid, 36.1 and 28.1 kilograms. The probable error of the evaporation correction thus amounts 
to about 5 per cent of the total transpiration In the case of the thrifty plan ts. With the unfertllixed plants 
it is 47 and 24 per cent, respectively. This uncertainty arises from the differences in the evaporation from 
blank Jars even when they are treated alike. A ftirther error which can not be estimated results from the 
fact that the soil in the culture pots is shaded and dried by the plants growing in it. 
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The jars were supported on small cars, which ran on tracks extend- 
ing to the culture house from an inclosure covered with wire netting. 
During the day when the weather was good the jars occupied the 
screened inclosure. At night and diuring wet weather they were 
brought under cover. 

The jars were weighed each morning, which was accomplished by a 
large beam scale sensitive to 5 grams with a maximum load of 100 
kilograms. By means of a cross track, jars from any track could be 
brought under the balance for weighing. 

Water was added through unglazed earthenware cylinders about 
5 centimeters in diameter and from 15 to 20 centimeters deep, pro- 
vided with small holes in the bottom and the lower part of the sides. 
These cylinders were fixed in position in the center of the jar, so that 
the upper edge coincided approximately with that of the sides of the 
jar. By watering through these cylinders the surface soil remained 
loose, friable, and nearly air-dry, and cracking was avoided. The 
direct loss of water from the soil was also much reduced, being only 
about one-third as much as when the water is added to the surface o 
the soil. The roots were not found to be unusually abimdant about 
the cylinders. Clean well water was used for watering the plants. 

Fertilizers, when used, were added either in the dry state to the 
air-dried soil or were dissolved in the water used for dampening the 
soil before filling the pots. The weight of the plants after drying at 
about 100° C. was used in the final calculation of the water require- 
ments. A summary of Leather's results is given in Table LXX. 

Table LXX. — Relative water requirement of crop plants at Pusa^ India, baited on reeuUe 
o/wOa fertilized with N-^P and JV-f P-f iT, according to Leather (1910 and 1911). 



Crop. 



Cold>weather crops: 

Wlieat< TrUiaim sativum) 
BuieT ( Hordeum vuigare) 

Oats {Avena tativa) 

Linseod (Linum unttUi*- 

timum) 

Sarson (kali, Bratsiea 

oampettris) 

Pea (Pi9Ufn tativum) 

Oram (chick-pea, Cker 

arietiimm) 

MoiDsoon crops: 

Maize (xea mafft) 
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Total 

number 

pots used 

in tests. 


Mean 
water 
require- 1 
ment. 

1 


23 

4 
4 


544±10 
468±13 
460±40 


6 


807±40 


6 

4 


406±33 
563d: 28 


4 


818±77 


31 


337± 5 



Crop. 



Total 

number 

pots used 

in tests. 



aor- 



MonaooD crops— Continued. 
Juar (Andropogon 

ffhum) 

Murwa (Ragi millet, EU- 

utine eoTOcana) 

Kodo (Kodo millet, Pas- 

palum tcrolHculatum) 

Rahar (pi|eon-pea, Oajan 

indieum) 

Guar (QfamoptU pwror 

IMdeSf CtetngcnoMta). 

Rice {Orym saHva) 

Sugar cane (^oceftarum 

of^chtarum) 



2 
2 



2 

2 

2 



Mean 
water 
require- 
ment. 



437±41 

263d: 2 

312d: 4 

636d:15 

fiWdb 5 
811±11 

212± 1 
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The cold-weather crops have a higher average water requirement 
than the monsoon crope. Barley and oats have the same water 
requirement, while wheat is about 16 per cent 
higher. Chick-peas, rice, and linseed have 
the highest water requirement, which is nearly 
four times that of the lowest, sugar cane. 
Next in efficiency to the sugar cane are millet, 
corn, and sorghum. 

BRIOOfl AND 8BANT2'8 BXPBRIMBNTB. 

The writers (1!I13) have measured the water 
requirement of ])lant8 in the Great Plains at 
Abvn, Colo., and at Dalhart and Amarillo, 
Tex. For a comparison of the results at 
Akron and the Texas stations the reader is 
referre<l to Table LI 
(p. 61). 
Fta. s.-Pot u»d by Brtgg* ud The plants were 
aii«nii (i»i3) in mBMuinguie erown jn lai^e ealvan- 

wBlDT requlrtmeut ■.! i>l«nU. ? , . . • 

ized-iron cans contam- 
ing about 115 kilograms of soil. All direct 
evaporation from the soil was practically elimi- 
nated by tight covers and by sealing the open- 
ings around the steins of the plants with wax 
(fig. 5). The method of watering is shown in 
figure 6. In order to determine the probable ^ _. 

error of the results, six pots were used m each dtvia und br &naa uid 
determination. Over 200 cans were employed s*""" <'*"' '" •^***^ 
in the experiments at Akron in 191 1 , including 
tests with 30 varieties of crop plants. The results are sunmiarized 
in Table LXXI. 
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Table LXXI. — Summary of water-retirement meastwemenU of varieties and crops at 
Ahron^ Colo.y 1911^ according to Briggs and Shantz (191Sj p. 47). 

Based on Wkiort of Dry Matter Produced. 



Oop. 



Alfalla 

Peas 

Artemisia bigida. 

Rye 

Sweet clover 



Oats 

Buckwheat. 
Barley 



Wheat. 



Potatoes. 



Rape 

Sugar heets. 



Com. 



Weeds. 



Sorghum. 



Millet. 



Ptos. 
Rye. 



Oats. 



Wheat. 



Bariey. 



Variety. 



Watw requirement. 



Variety. 



Orimm. 
Canada. 



Spring. 



fBurt 

Swedish Select. 

Sixty-Day 

Canadian 



Beardless 

Beldi 

White HuD-less. 
Hannchen 



Eimner 

Bluestem 

Spring Ghirka. 

Oalgaloe 

Kuoanka. 



Irish Cobbler. 



Kleinwansleben. 



Ilowa SUvermine ... 
Northwestern Dent. 
Esperania. 



{Amaianthus retroflexus. 
Salsola pestifer 
Amaranthus grMclzans. 



Dwarf milo 

White durra.... 
Brown kaoliang. 

Red amber 

Blackhullkafir.. 



r Kursk... 
[German. 



1068±16 
800±17 
766±24 
724±7 
709±9 

699^7 
615±7 
606±S 
508±U 

578:1:13 

544±9 
543±2 
542±Z 

537±8 

S34±14 
631 db5 
506db3 
4«6db4 

468±8 

448dbll 

441 ±12 

377±8 

4ao±3 

308±1O 
319db5 

3S6±4 
336±5 
375±7 

333±3 
321±2 
301 db3 

a98±4 
2r9±6 

287±2 
a63±15 



Crop. 



1,068 
800 
765 
734 
709 



614 



578 



539 



507 



448 

441 

377 



309 



322 



306 



275 



Relative. 

compared 

with 

wheat. 



Based on Wbioht or Grain Produced. 



Canada. I 2318i:100 

Spring 2215db37 



Canadian 

Swedish Select. 

Burt 

Sixty-Day 



2204i:140 
1632^35 
1500±57 
1383±30 

1786±60 
1382i:43 
1245±13 
1191 ±14 
Emmer j 1180±42 

White Hull-less \ 1475±40 

Beardless I 1210±38 

Beldi ' 1156±18 

Hannchen 1134±27 



Bluestem 

Spring Ghirka. 

(^Igalos 

Kubanka 



Buckwheat 

MiUet Kursk. 



Soighum. 



Dwarf milo 

White durra 

Blackhull kaflr 

Brown kaoliang , 726± 12 



1037±33 
923±40 

1123±57 
806±12 
803±26 



311 
158 
151 
143 
140 



132 



114 



106 



100 



88 

87 
74 



73 



63 



60 



54 



163 
163 



134 



100 



92 



76 
68 



58 
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82 WATER REQUIREMENT OF PLANTS. 

Of the crops tested, those most efficient in the use of water are 
the millets, the sorghums, and the corns, their water requirement 
ranging from 275 to 370. The legumes, alfalfa, sweet clover, and 
Canada pea, have the highest water requirement, ranging from 710 
to 1,070, while the small grains, wheat, barley, oats, and rye, have 
a water requirement ranging from 510 to 700. Potatoes and sugar 
beets are intermediate between the small grains and the corns. The 
efficiency of the grain sorghums and millet is again apparent in grain 
production. Spring rye and Canada peas are least efficient, while 
oats, wheat, barley, and buckwheat are intermediate. Varieties of 
barley, wheat, oats, and sorghum show great differences in the 
water requirement for grain production. 

In the investigations which have been discussed heretofore the 
determinations of the water requirement have been limited to 
different crops. In this investigation the water requirement of 
different varieties of the same crop was also determined, and measur- 
able differences were found. These varietal differences suggest not 
only the superiority of certain strains but also the desirability of 
applying water-requirement measurements in the selection of varie- 
ties for semiarid regions. 

CONCLUSIONS. 

In comparing the results obtained by different investigators rela- 
tive to the water requirement of different species of plants, two points 
should be kept in mind: (1) A real difference in the results is to 
be expected if the climatic conditions differ at the places where the 
experiments were conducted. From this point of view the observed 
differences in the water requirement may be looked upon ss a meas- 
ure of the climatic differences. (2) Differences due to the method 
of experiment, to the use of different varieties, to the amoxmt of plant 
food available, to the period during which the crop was grown, and 
to other similar factors must be classed as experimental errors in a 
comparison of this kind. The sununary of the results of different 
investigators as presented in Table LXXII should then be considered 
with the points mentioned above in mind. Often the results are not 
strictly comparable, even when forming part of the same investiga- 
tion, owing to differences in the duration or period of growth, and 
the more detaUed statement given elsewhere in the bulletin should 
be referred to in this connection. 
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Tablb LXXll, -Nummary of water requirement deierminatiane for different crope «t 

infltLenced by elimate.^ 



Crop. 


Lawes, 
1890, 

sted, 
Eng- 
land. 


Woltaiy, 

1876, 
Hunioh, 
Ger- 
many. 


Hell- 

Dahme, 
Ger- 
many. 


King, 
1892-1895, 
Madison, 

Wis. 


VonSeel- 
bont, 

188ft-18g8, 

Gott- 

ingen, 

Ger- 

many. 


WIdtaoe, 

1909, 
Logan, 
Utah. 


Leather, 

1910-11, 

Pusa, 

India. 


Shants, 
1913, 

Akron, 
Colo. 


Wheat 


235 




359 




83S 


546 


654 

460 

468 


807 


Oats 


665 
774 


401 
297 
377 


541 
388 


614 


Barley 


258 


365 
386 




539 


Rye 




724 


-w J ^* ****** 

Com 




233 




350 


386 


337 
437 


369 


Rnnrhfin] 








306 


Miltot 




447 








275 


Bewfw 


214 
235 
251 


1 1 








Peas 


416 


292 

330 


477 
481 




843 


563 


800 


Clover (red) 






Clover (sweet) 










709 


Al%f<^ 
















1,068 


Horse beans 






263 
373 












iMVtOfB . 
















Chfek-peas 













818 




BuDkwhaat 




646 
912 
843 
490 


371 








578 


Rape 


• 


337 










441 


Mustaid 












496 




Sunflower 














Potatoes 






428 


281 






448 


T/hwwd . . ...,.,. 










807 
261 

312 
«S5 
508 
811 
212 




Eleustaie 
















Paspalum 
















Cajwimir , . . , , 
















Cvamonsls 

















Rice 
















Riiear rtKtw 
















Rngar hiwtji 












497 


877 


SaisiDta 














336 


Amaranthua 
















863 


Artemisia 
















765 





















1 SammarlMd with respeot to crops wfthout respect to varistiBs. Includes only orm grown to ma- 
turity. The data are not sti ictly comparable, even in the case of a sfaigle investigation. The reader should 
consult the detailed discussion of each investigation in the earlier porttons of this baUeUn. 

Lawes, working in England, obtained a lower value for the water 
requirement than any other investigator. Hellriegel and Von Seel- 
horst, in Grermany, both obtained comparatively low values, while 
Wollny's results are comparatively high. King, working in Wis- 
consin, obtained lower values than the writers obtained in north- 
eastern Colorado. Widtsoe's results at Logan, Utah, agree closely 
with those of the writers, being from 4 to 7 per cent higher for all 
crops except the sugar beet, which was 32 per cent higher. Leather, 
at Pusa, India, obtained lower values for oats, barley, com, and 
peas, but higher values for wheat and sorghum than did the writers. 
Wollny's results are higher than the writers' in every case where the 
same crop was grown, with the single exception of com. 

The relative positions of the different crops vary greatly in the 
different investigations. Wheat and barley alternate, wheat having 
the higher water requirement in HellriegeFs and Leather's deter- 
minations and barley ranking higher in Lawes' s. Von Seelhorst's, and 
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84 WATER REQUIREMENT OF PLANTS. 

the writers' measurements. Rye has a higher water requirement 
than wheat or barley in every case. The water requirement of oats 
is higher than barley in all cases except in WoUny^s determinations. 
Peas gave a water requirement lower than barley in all cases except 
Leather's and the writers'. The water requirement of potatoes was 
lower than barley in all cases except in King's determination. 

DBTBBMINATION OF THE WATBB BBQITIBBlCBirr OF CBOP8 

T7NDBB FIBLD CONDITIOK8. 

CROPS GROWN WITH IRRIGATION. 



WIDT80E*8 EXPBRniENTS. 



Widtsoe (1912) conducted an extensive fiela experiment for the 
purpose of determining the effect of different amounts of irrigation 
water upon the water requirement. A number of crops were em- 
ployed in the investigations. The results are given in Table LXXHI, 
the amount of irrigation water applied being given in the first column 
of the table. In addition to this irrigation water, there was available 
to each crop the rainfall of the season, which amounted to about 5 
inches, and also the water which was stored in the soil at the be- 
ginning of the season as the result of the winter rains. From earlier 
measurements Widtsoe has calculated the average amount of stored 
water removed from the soil by each of the crops tested. The sum 
of the rainfall and the stored moisture used by each crop, according 
to Widtsoe's calculations, is given at the bottom of the table. This 
sum was added to each amount of irrigation water applied in calcu- 
lating the water requirement of the crop. This procedure assumes 
that the soil-moisture content was the same at the end of the season 
in all of the plats devoted to a given crop without reference to the 
amount of irrigation water which had been applied during the season 
and which varied from 4 to 70 inches. It is unfortunate that mois- 
ture determinations were not made in each plat at the beginning 
and at the end of the season in order to avoid the uncertainty arising 
from this assumption. 
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Table LXXIII. — Effed of different amounii of irrigation water on the water requirement 
of crops under fUid conditUmey according to Widtsoe {1912 f pp. 55-57). 





Water requirement, including evaporation, for— 


WftterftpplffNl. 


Wheat. 


Oats. 


Barley. 


Com. 


AltalfEL 


Sugar 
beets. 


Carrots. 


Pota- 
toes. 


Cab- 
bage. 


Onions. 


Irrlntitm watar add- 
ed, inacre-tnches: 
8.75 














423 
*'567' 








5 


856 

800 
048 


506 
' '*872* 








569 


1,136 
1,136 
1,255 






7.6 


513 


276 
275 








10 


621 


571 






12.5 


2,214 

*3,'i28" 
4,248 




15 


1,038 


845 
897 


695 
998 


356 
416 

474 
527 


977 

946 

1,052 

1,258 


663 
682 

'"889' 


572 
"**766' 

"""sw' 


1,411 
1,466 

"2,342' 


2,170 


20 


2,628 


25 


1,317 




30 


2,485 


35 


1,530 








30.5 




1,263 














40 
















5,068 




45 




1,566 












8,060 




50 


1,800 






1,480 


1,186 








56 






1,087 










00 












1,071 


3,292 






66 
















4,689 


70 


1 














7,419 
5.54 




Soil water and raJn- 
tell used by cfop 
In addition to liTf- 
gatkm: 


13.74 


9.66 


9.66 


5.54 


14.91 


10.25 


10.25 


6.17 


5.64 











Widtsoe's results show clearly the great increase in the water 
requirement, which includes the evaporation as well, when the 
quantity of irrigation water applied is increased, the largest amounts 
of water applied resulting in a water requirement of about three times 
that observed when small quantities of irrigation water were used. 

CBOPS OBOWN WITHOUT IBBIOATIOK. 

LBATHSB'B EXPBBIMBNT8. 

Leather (1911) also measured the water requirements of a number 
of crops under field conditions. The land selected for the purpose 
was kept fallow during the rainy (monsoon) season, and the crops 
were sown at the beginning of the dry season. Moisture determina- 
tions were made in each plat soon after the plants were above ground 
and again at harvest. The difference in the amount of water in the 
soil at the time of these two measurements plus the water added 
through rainfall represented the total loss of water. The rainfall 
during the experimental period was very low, being only 0.4 inch at 
Pusa in 1908-9 and 0.2 inch in 1909-10, making the conditions excep- 
tionally favorable for an experiment of this kind. Moisture deter- 
minations at seeding time and at harvest were also made in a part of 
the field which was kept fallow throughout the experiment. The 
difference in these determinations gave the loss due to evaporation 
from the fallow plat. The evaporation loss from the cropped plats 
was assumed to be the same as from the fallow plat. The difference 
between the total amount of water lost and that lost through evapora- 
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tion was ast^ribed to the transpiration of the crop. This, diyided by 
the dry matter produced, gave the water requirement. The crops 
grown were heavy, amounting to 5,000 pounds or more per acre in tlie 
case of the cereals. About 50 square feet were harvested for deter, 
mining the dry matter produced. The area of this sample included 
the point where the initial moisture determination was taJcen. Mois- 
ture samples were taken to a depth of 9 feet. Table LXXIV shows 
the results of Leather's field determinations of the moisture require- 
ment and includes also some determinations of the water requirement 
of wheat grown under irrigation at Cawnpore, India. 

Table LXXIV. — WaUr requinment of crop* in India grown wader fidd conditiong, 

according to Leather (1911, pp. tS4-t79). 



Crop. 



Wlrnt. 



Wbeat (irrigated) . 
Birtey 



Oati. 



Pms 

Mustard. 



Station. 



{: 



Piua 

....do 

Cawnpore 

do 

....do 

do , 

Piisa 

do 

....do 

.. ..do 

do , 

do 

do 

do 

do 



{:: 



Year. 



1906-0 

1900-10 

1906-^ 

1906-0 

1900-10 

1900-10 

1906-0 

\wr-% 

1908-9 

1909-10 

1906-9 

1909-10 

1908-0 

1908-0 

1900-10 



RataAOl 
during 
experv 
mant. 



InAe*. 

a38 
.32 
.25 
.26 

1.81 

1.81 
.38 

2.8 
.38 
.22 
.38 
.22 
.38 
.32 
.16 



Water requin- 
mant. 



Noma> 
niire. 


Ifaonie. 




415 


237 
442 
550 
407 
303 
430 
411 
331 


3U 






Ml 


230 
382 



e93 

700 
314 

471 
477 



718 
940 
505 



614 



Unfortunately, Leatlier's experiments were, for the most part, 
conducted upon a single plat in each case. It is consequently not 
possible to form any definite conception of the probable error of the 
experiments. Results from duplicate plats are, however, available 
in the case of the irrigated wheat grown at Cawnpore, and the probable 
error for a single determination is, in the case of these results, 12 per 
cent and 17 per cent, respectively, of the observed water requirement. 
It is therefore evident that a relatively lai^e observational error is 
to be expected in this method of determining the water requirement. 
Some of the anomalies appearing in the results, notably the higher 
water requirement obtained in some cases when manure is used, are 
probably to be ascribed to experimental error. From investigations 
now in progress regarding the loss of water from fallow lands in the 
Great Plains, the writers are inclined to believe that the direct evapo- 
ration from the «oil of the fallow land is considerably greater than the 
corresponding loss from the soil of the cropped plats. The soil of the 
cropped plats is not only shaded by the growing crop, but is also 
considerably protected from vnnd, so that the humidity of the air is 
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relatively higher immediately above the soil surface thaii over the 
fallow land. The crop in its early stages also dries out the surface 
soil, so that the water content of the upper layers of the cropped plat 
i49 materially lower than the fallow land. This would tend to reduce 
the evaporation loss from the cropped plat. It would consequently 
appear that the correction term for the evaporation loss from the 
cropped plats is somewhat too large, which would tend to give too 
low a value for the water requirement under field conditions. It will 
be noted that the values obtained in the field experiments are, almost 
wthout exception, below the mean water requirement obtained from 
the pot experiments. (Table XL, p. 52.) Leather calls attention, 
however, to the fact that in the latter determinations small pots were 
used in a part of the experiments, which tend to give too high a value 
for the water requirement. He also suggests as a possible source of 
error the capillary rise of water from below the 9-foot level in the 
field experiments, but believes the error due to an unmeasured water 
supply from this source to be very small. The field experiments of 
the writers fully support him in this conclusion. 

BRI008 AND SHANTZ'S BXPBRIMENTS. 

The writers' measurements of the water requirement of wheat under 
field conditions at Akron, Colo., were based upon the water removed 
by the crop as shown by the difference between the initial and final 
water content combined with the rainfall entering the soil, deter- 
mined by daily sampling. No correction for evaporation was 
attempted. The results are summarized in Table LXXV. The water 
requirement of wheat grown in the field was found by this procedure 
to be higher than that obtained in the pot measurements. However, 
when the rainfall during the growth of the crop was not considered, 
the water requirement of the wheat grown under field conditions 
agreed closely with that obtained in the pot cultures. The writers 
attribute this to the fact that the wheat was drawing its supply of 
moisture from the subsoil at the time of these rains, and failed to 
develop a surface root system in time to absorb the rainfall before it 
evaporated. 

Table LXXV. — Comparison of water requirement of Kuhanka wheat crops grown under 
field ccmditions, 1910 and 1911, according to Briggs and Shantz (191S, p. 41)- 



Chanietflr of experiments. 



Field experiments, 1910. 
Field experiments, 1911. 
Pot experiments, 1911 .. , 



Water requirement. 



Including rainfall 
during growtti. 



Based on 
dry matter. 



700 
862 



Based on 
grain. 



2,315 
2,380 



Excluding rainlEdl. 



Based on 
dry matter. 



486 
466 

468±8 



Based on 
grain. 



1,780 
1,614 
1,196±15 
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CONCLUSIONS. 



The measurement of the water requirement under field conditions 
is imcertam, owing to the difficulty of determining what proportion 
of the rainfall during the growing season is actually used by the crop. 
This uncertainty arises from a lack of knowledge regarding the 
amount of run-off and the amount of rainfall that is evaporated from 
the soil surface without becoming avail&ble to the crop. The pro- 
duction of the crop upon water stored in the subsoil during a period 
without rain, as in Leather's experiments, is an ideal condition for 
field measurements of this kind. Under these conditions Leather 
obtained a lower water requirement in the field experiments than in 
the pot cultures. The writers foimd that the water requirement was 
higher under field conditions than in pot cultures if the rainfall dur- 
ing the growing period was taken into consideration, but that the 
determinations agreed closely if the light rainfall that occurred dur- 
ing the growing season was ignored. 



The term " water requirement " ia used in this paper to indicate the 
ratio of the weight of water absorbed by a plant during its growth to 
the dry matter produced. 

The experiments made in connection with the effect of soil-moisture 
content on the water requirement show, as a rule, an increase in the 
water requirement when the soil-moisture content approaches either 
extreme. Many of these experiments were conducted in open pots 
and the direct evaporation estimated from check pots without plants. 
Owing to the uncertainty of this method when a wide range in soil- 
moisture content is employed and to the difficulty of securing a uni- 
form distribution of soil moisture when the soil is maintained at a low 
water content, it would appear that the direct effect of soil-moisture 
content on the water requirement is still an open question. 

Many investigations have been made regarding the effect of fer- 
tilizers on the water requirement, and with few exceptions the ex- 
periments show a reduction in the water requirement accompanying 
the use of fertilizers. In highly productive soils this reduction is 
slight. In poor soils the water requirement may be reduced one- 
half, or even two-thirds, by the use of fertilizers. Often a high water 
requirement is due to a deficiency of a single plant-food element. 
As the supply of such an element approaches exhaustion, growth 
practically ceases, while the transpiration continues, which leads to a 
high water requirement. This emphasizes the importance of main- 
taining the fertility of the soils of the semiarid regions if the most 
effective use is to be made of the limited water supply. 
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As a whole, the investigations relative to the effect of fertilizers on 
the water requirement show clearly that transpiration is not a 
measure of growth, even under the same atmospheric conditions, 
since the water requirement is profoundly affected by the plant food 
available in the soil. 

The type of soil used may affect the water requirement in so far 
as it determines the amount of plant food available to the crop. 
There is no indication that the texture of the soQ, independently of 
the plant food it contains, affects the water requirement of plants. 

The water requirement is influenced by limiting the amount of soil 
available to the roots of the plants, the water requirement decreasing 
within limits as the amount of soil is increased. This would follow 
as a result of an inadequate supply of plant food. In some cases the 
water requirement has been increased as a result of previous cropping. 
This would follow from the reduction of the available supply of plant 
food by the previous crop. 

No direct measurements have been made of the effect of soil tem- 
perature on the water requirement. Leather found, however, that an 
increase in the soil temperature due to the sun shining on the pots 
did not materially affect the water requirement. 

The water requirement has been shown to be profoundly affected 
by the atmospheric conditions. The water requirement of the same 
crop varies greatly according to the period of the year in which it is 
grown. Similarly, the same crop will give a widely differing water 
requirement when grown in different regions during the same period. 

All of the investigations which have so far been made indicate 
that shading increases the water requirement. This would follow 
if the shade were so dense as to reduce photosynthesis. 

The water requirement is greater in dry than in moist air. Mont- 
gomery and Kiesselbach have found the water requirement of com 
to be proportional to the evaporation from a small free water surface. 
From their data the writers have shown that the water requirement 
was approximately proportional to the saturation deficit of the air. 

Sorauer found the water requirement to increase when the carbon- 
dioxid content of the air was diminished, which is analogous to a 
deficiency in mineral plant food. 

Wimmer has shown that the water requirement of sugar beets and 
celery is increased by the attacks of parasitic nematodes. The 
infested plants grow more slowly, which would account for the 
increase in the water requirement. 

Montgomery has compared the water requirement of narrow-leaf 
and broad-leaf types of com, and found that the narrow-leaf strain 
had a lower water requirement. It is, however, possible that this 
difference may have been due to a superior varietal efficiency of the 
narrow-leaf type independent of its leaf area. 
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Von Seelhorst's experiments on the effect of frequent cutting indi- 
cate that grassland can produce dry matter more efficiently than 
pasture land. In other words, the water requirement of the grasses 
is apparently higher during the earlier stages of growth than at any 
other time. These experiments, however, include the loss due to 
direct evaporation from the soil, which might be greater during the 
earlier stages of the crop. 

A summary of the water-requirement measurements which have been 
made with different crops is given in Table LXXVI. The varia- 
tion in the water requirement of the same crop as determined by 
different investigators is due largely to soil and climatic conditions, 
but probably in part also to the use of different varieties as well as 
to experimental errors. The data given in the same investigation 
are not always strictly comparable, since the crops were not aU 
grown during the same period. 

Tablb LXXVI. — Summary of the water-requirement measurements for varimu cropg, at 

determined 6y dijferent investigaton. 



Crop. 


Lawes, 

1850, 

sted, 
England. 


Wollny, 
1886, 

Munich, 
Ger- 
many. 


HeUrlft- 

fel.l883, 

Dahme, 

Gar- 

many. 


to 1806. 

Madison, 

Wb. 


Von 
Seelhorst, 

1896 to 
1898, Got- 
tingen, 
Ger- 
many. 


Wkltsoe, 

1909, 
Logan, 
Utah. 


Leather, 

1010-1 1, 

Pusa, 

Indl^ 


Brins 
and 

Shantx, 
1913, 

Akron, 
Colo. 


Wheat 


335 




350 
401 
297 
377 




333 


546 


564 
469 
466 


507 


Oats 


065 

774 


54i' 

388 


614 


Barley 


258 


365 
386 




539 


Rye. 




724 


Corn 




233 


350 


386 


337 
437 


360 


Sorghum 








306 


Mfllet 




447 










275 


Beans. 


214 
235 
251 














Peas 


416 


292 
380 


477 




843 


563 


800 


Clover (red) 


481 






Clover (sweet) 










709 


AllUfo 
















1,068 


Horse beans 






263 
373 


1 








Lupine 






1 








Chick-peas 






1 

1 




818 




Buckiraeat 




646 
912 
843 
490 


871 
337 


1 




578 


Rape 




1 






441 


Mustard 




1 




496 




Rimflowfir , . , . , 














Potatoes 






423 


281 






448 


Linseed 










807 
263 
312 
635 
508 
811 
212 




Rlnislne , 








• 








Paspalum 
















CaJanna.,. .. . ... , ,,, 
















Cvamomis 
















Rioe.:!^. ::::;:;::;: 












































497 


377 


8a&ola 














336 


Amaranthus. . . , , 
















903 


ArtAinbiiA 
















766 










1 







One of the most striking features of water-requirement measure- 
ments is the marked difference in efficiency exhibited by diflFerent 
plants in the use of water. The millet, sorghum, and com groups 
have been found the most efficient, while alfalfa and sweet clover are 
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the least efficient in producing dry matter with a given amount of 
water. The small-grain crops have a water requirement intermedi- 
ate between the legumes and com. Measurable differences in the 
water requirement also exist between different varieties of the same 
crop, and this suggests the possibihty of developing through selection 
strains which are still more efficient in the use of water. 

Leather found that the water requirement of a crop grown under 
field conditions was, as a rule, lower than the water requirement of 
the same crop determined from pot experiments. The writers' meas- 
urements of the water requirement of wheat under field conditions 
gave a higher value than the corresponding pot determinations. If, 
however, the calculations were based upon the amount of stored 
moisture removed by the crop without reference to the rainfall 
received during the growing season, the field results were in close 
agreement with the pot experiments. 

285 



LITEBATirBB CITBD. 

atedlnthJf 
baUettn on 
Brioos, L. J.y and Shantz, H. L. vh»— 

1913. The water requirement of plants. I. — InveBtigationB in the Great 

Plains in 1910 and 1911. U.S. Department of Agriculture, Bureau 

of Plant Industry, Bulletin 284, p. 49 60, 61, 80, 87 

BUROERSTBIN, ALFRED. 

1904. Die Transpiration der Pflanzen. Jena, pp. 154-158 11 

Daszewski, a. von. 

1900. Der Einfluss dee Wassers und der Dtkngung auf die Zusammen- 
setzung der Asche der KartofTelpflanze. Journal fOr Landwirt- 
Bchaft, Bd.48, Heft 3, pp. 223-249 16,39 

DsHiRAIN, P. P. 

1892. I^ transpiration des v^^taux et I'emploi dee engrais. Annalee 

Agronomiques, t. 18, pp. 465-486 34 

Fest, Franz. 

1906. t}l)er den zeitlichen Verlauf der N&hrstoffaufnahme und Trocken- 
substanzproduktion bei der Buschbohne unter verschiedenen 
DOngungs* und Witterungsverhftltnissen. Journal fOr Landwirtr 

schaft, Bd. 56, Heft 1, p. 1-47, 1 fig., pi. 1-6 71 

FrrraoGEN, J. 

. 1873. Untersuchungen tiber das ffir eine normale Produktion der Hafer- 

pflanze nothwendige Minimum von Bodenfeuchtigkeit, sowie Qber 

die Aufnahme von Bestandtheilen des Bodens bei verschiedenem 

Wasseigehalt desselben. LandwirtschafUiche JahrbQcher, Bd. 

2, pp. 353-371, 1 fig 12 

1874. Ueber die Wasserverdunstung der Haferpflanze unter verschiedenen 
Warme-, Licht- und Luftfeuchtigkeits-Verhaltnissen. Landwirt- 

schaftliche JahrbQcher, Bd. 3, pp. 141-157 58, 61 

FoRTiER, Samuel. 

1903. Soil moisture in relation to crop yield. Montana Agricultural Ex- 
periment Station, 9th Annual Report, 1902, p. 107 16 

Heinrich, Reinhold. 

1894. Ueber die Wassermengen, welche die Haferpflanze aus verschie- 
denen N&hrstoff-Concentrationen w&hrend ihrer Vegetationszeit 
verbraucht. Zweiter Bericht fiber die Verh&ltnisse und Wirk- 
samkeit der Landwirtschaftlichen Versuchs-Station, Rostock, pp. 

170-174 ' 

Hbllrieoel, F. H. 

1883. Verbal tnis zwischen Produktion und Verdunstung. — ^Wieviel Wasser 55, 63 
verbraucht eine Pflanze w&hrend der Erzeugung von einem Gramm 
Trockensubstanz durchschnittlich? In hii BeitrSge zu den Natur- 
wissenschaftlichen Gnindlagen des Ackerbaus. Braunschweig, pp. 

622-664 13,30,33,59,61,62,74 

H5HNXL, Franz, Ritter von. 

1881. Ueber den Wasserverbrauch der Holzgewfichse mit Beziehung auf 
die meteorologischen Factoren. Forschungen auf dem Gebiete 

derAgrikultur-Physik,Bd. 4, pp. 435-445 10 

Il'enkoy, p. a. 

1865. Einige Versuche zur Bestimmung des Einflusses, welchen die Boden- 
feuchtigkeit auf die Vegetation ausilbt. Annalen der Chemie und 

Pharmacie, Bd. 136 (n. R., Bd, 60), Heft 2, p. 162 12 

Ejxsbelbagh, T. a. 

1910. Transpiration experiments with the com plant. Nebraska Agri- 
cultural Experiment Station, 23d Annual Report [1909], pp. 
125-139, 2 figs 20, 50 

285 93 



94 WATEB B£QUIR£M£NT OF PLANTS. 

atedintbjs 
K1E88BLBACH, T. A., and Montqombrt, E. G. 



1911. The relation of climatic ^tora to the water used by the com plant. 
Nebraska Agricultural Experiment Station, 24th Annual Report 

[1910], pp. 91-107, 2 figB 21 

King, F. H. 

1889. Amount of water consumed by plants. Wisconsin Agricultural Ex- 
periment Station, 6th Annual Report [1888]/1889, pp. 191-192. . . 76 

1892. The amount of water required to produce a pound of barley, oats and 

com in Wisconsin. Wisconsin Agricultural Experiment Station, 

8th Annual Report I1890]/1891, pp. 124-131, figs. 4 76 

1893 . The amount of water required to produce a pound of dry matter in bar- 

ley, oats, com, clover, and peas in Wisconsin. Wisconsin Agricul- 
tural Experiment Station, 9thAnnualReport[1891]/1892,pp.94-100 76 

1894. The amount of water required to produce a pound of dry matter in 

Wisconsin. Wisconsin Agricultural Experiment Station, 10th 
Annual Report [1892]/1893, pp. 15^159, figp. 15 34, 76 

1895. The number of inches of water required for a ton of dcy matter in 

Wisconsin. Wisconsin Agricultural Experiment Station, 11th 

Annual Report [1893]/1894, pp. 240-248 67,76 

1905. Relative rates of evaporation at stations in four States from soil 
surfaces staturated by capillarity, and from com. In hit Investi- 
gations in soil management. U. S. Department of Agriculture, 
Bureau of Soils, Bulletin 26, pp. 192-198 26.60,61 

KOLKUNOV, V. 

1905. K Voprosu O VtrabotklS V^inoeliv^kh K Zasukham Rass Kul' 
turn^ Ikh Rastenil . Anatomo-Fiz'fologicheskllli I B'iometrichesklQl 

IzsllMovanlf^. Kiev', 82pp., 3 pis (*) 

Lawks, J. B. 

1850. Experimental investigation into the amount of water given off by 
plants during their growth; especially in relation to the fixation 
and source of their various constituents. Journal, Horticultural 

Society, London, v. 5, pp. 38-63, illus 11, 31, 73 

Leathbr, J. W. 

1910. Water requirements of crops in India. Memoirs, Department of 

Agriculture, India. Chemical Series, v. 1, no. 8, pp. 133-184, 

pla. 3-19 20,28,30,50,57,78 

1911. Water requirements of crops in India. — II. Memoin, Department of 

Agriculutre, India. Chemical Series, v. 1, no. 10, pp. 205-281, 

illus 28,50,78,85 

Le Clebc, J. a., and Breazeale, J. F. 

1911. Translocation of plant food and elaboration of organic plant material 
in wheat seedlings. U. S. Department of Agriculture, Bureau of 
Chemistry, Bulletin 138, p. 10 10 

L1EB8CHER, Georo. 

1895. Untersuchungen fiber die Bestimmung dee DOngerbedtkrfnisses der 

Ackerbdden und Kulturpflanzen. Journal filr Landwirtschaft, 

Bd. 43, Heft. 1/2, pp. 49-216 26, 35 

Maercker, Max. 

1896. l^ber die Wirkung der Kalisalze auf Sandboden. Arbeiten, 

Deutsche Landwirtschafts-Gesellschaft, Heft 20, pp. 7-30 13, 36 

1 The writers sre indebtAd to Prof. T. A. KioBBelbaoh for the referenoe to this paper, which oontaiitf 
data on the effect of the kind of plant and of s :il-mol8ture content on the water requirement. It was 
received too late to be reviewed in this bulletin. 

285 



UTEBATURE CITED. 95 

Cited in tliis 
buUetinoo 

Makscker, Max — Continued. PH*— 
1896a. Verauche tiber die BeeinfliuBung dee Waaserverbimuchfl der PfluiKen 
durch die Kalirohaalze. Jahrbuch, Agrikultur-Chemist^he Ver- 
BUchsBtation der LandwirtBchaftakammer der Provinz Sacfasen su 
Halle ays., 1895, pp. 15-16 13,36 

Mari^-Dayt, £. H. 

1874. Note BUT la quantity d'eau conBomm^ par le froment pendant sa 

croisBance. Comptes RenduB, Acad^mie des Sciences [Paris], 

t. 79, pp. 208-212 33 

1875. Evaporation du boI et deB planteB. Annuaire M^t^rolog:ique et 

Ag;ricole de TObBervatoire, MontsouriB, pp. 290-321 25, 32 

1876. Evaporation, transpiration. Annuaire M^t^rologique et Agricole 

de rObservatoire, Montsouris, pp. 374-388 25 

MONTGOMERT, E. Q. 

1911. Correlation studies of com. Nebraska Agricultural Experiment 

Station, 24th Annual Report [1910], pp. 108-159, illus 67 

1912. Methods of determining the water requirements of crops. Proceed- 

ings, American Society of Agronomy, v. 3, 1911, pp. 261-283, figs. 
37-48, pis. 3-4 11,63 

and KiESSELBACH, T. A. 

1912. Studies in water requirements of com. Nebraska Agricultural 

Experiment Station, Bulletin 128, 15 pp 64 

Ohlmbr, W. 

1908. XJber den EinflusB der DQngung und der Bodenfeuchti^keit bei 
gleichem Standraum auf die Anlage und Ausbildung der Ahre und 
die Ausbildung der Kolbenform beim Grdttinger begninnten 
Squarehead- Win terweizen. Journal fdr Landwirtschaft, Bd. 56, 
Heft 2, pp. 153-171, pis. 7-10 16,44 

Pfeitfer, Theoix>r; Blanck, Edwin; and PLt^OEL, M. 

1912. Wasser und Licht als Vegetationsfaktoren und ihre Besiehungen 
zum Gesetze vom Minimum. Die Landwirtschaftlichen Versuchs- 
Stationen, Bd. 76, Heft 3/6, pp. 16»-236 22,53,63 

Prbul, Franz. 

1908. Untennichungen Ober den Einfluss verschiedenen hohen Wasser- 
gehaltee des Bodens in den einzelnen VegetationsBtadien bei 
verachiedenem Bodenreichtum auf die Entwickelung der Sommer- 
weizenpflanze, G5ttingen. Inaugtual Dissertation. Abetract in 
Journal f Or Landwirtschaf t, Bd. 56, Heft 3, pp. 229-271 18, 45 

SCHROEDER, M. R. 

1896. Razvitle i isparenle iachmea^ pri razlichnol vlazhnosti i pitatel 
nosti substrata. IzvlSstOa Moskoskago sel SkokhozfUstvennago 
Instituta, god 2, kniga 1 (Annales, Institut Agronomique, Moscou, 

ann. 2, livr. 1), pp. 188-226 14,37 

Seelhorst, Conrad von. 

1899. t^ber den Wasserverbrauch der Haferpflanze bei verschiedenem 
Wasseigehalt und bei verschiedener Dllngung des Bodens. Jour- 
nal f ttr Landwirtschaft, Bd. 47, Heft 4, pp. 369-378 14, 37 

1902. V^etationskasten zum Studium des Wasserhaushaltes im Boden. 

Journal f Or Landwirtschaft, Bd. 50, pp. 277-280, pis. 9 68 

1906. t^er den Wasserverbrauch von Roggen, Gerste, Weizen und Kar- 
toffeln. I. Mitteilung. Journal ftkr Landwirtschaft, Bd. 54, 
Heft 4, pp. 316-342, pis. 18 27, 77 

1908. t^er den Wasserverbrauch von Lupinen im Herbet 1906 und von 
Kartoffeln, Sommergerste und Ro^n im Sommer 1907 auf einem 
Sandboden. Journal fOr Landwirtschaft, Bd. 56, Heft 2, pp. 199- 
207 77 

286 



96 WATER REQUIBEMENT OF PLANTS. 

CttedtnthlB 

Skblhorst, Conrad von — Continued. pace— 
1908a. ttber den Waaserverbrauch von Rflben, Roggen, und Gente auf 
einem Lehmboden im Jahre 1907. Journal ftlr L<andwirt8chaft, 
Bd. 56, Heft 2, pp. 195-198, pla. 12 70, 77 

1909. Berichtigung zu dem Aufsatz: Ober den WasBerverbrauch von 

Lupinen im Herbst 1906 ubw. im Journal f Or Landwirtscbaft 1908, 

S. 199 u. if. Journal flir Landwirtflchaft, Bd. 57, pp. 111-112 77 

1910. Der WasBerverbrauch von Wiese und Weide. Journal f Or Landwirt- 

Bchaft, Bd. 58, Heft 1, pp. 83-88 60,61,68,72 

1910a. Wasserverbrauch von Roggen auf Sandboden 1908/09. Journal fOr 

Landwirtschaf t, Bd . 58, Heft 1, pp. 89-92 52, 56, 70 

and BtJNOER, J. 

1907. Versuche mit Sommerweizen. Journal fibr Landwirtschaft, Bd. 55, 

Heft 3, pp. 246-260, pla. 4-^ 16,44,70 

SlKbkin, p. 

1908. K*vopro8U 6 raskhodie vody aakhamoi soeklol. Zbumal Opytnoi 

Agronomu (Ruasiaches Journal f Ur Experimen telle Landwirtachaft), 

t. 9, pp. 474-482 28 

SoRAUER, Paul. 

1880. Studien tlber Verdunatung. Forachungen auf dem Gebiete der 

Agrikultur-Phyaik, Bd. 3, pp. 351^90 62,63,65,69 

1883. Nachtrag zu den Studien fiber Verdunatung. Forachungen auf dem 

Gebiete der, Agrikultur-Phyaik, Bd. 6, pp. 79-96 55, 74 

WiDTSOE, J. A. 

1909. Irrigation investigationa. Factora influencing evaporation and 

transpiration. Utah Agricultural Experiment Station, Bulletin 

105, 64 p., 7 figa., pp. 49. 52 19,27,29,49,78 

1912. The production of dry matter with different quantitiea of irrigation 
water. Utah Agricultural Experiment Station, Bulletin 116, 64 

pp., illua 84 

WiLFARTH, Hermann, and Wimmer, G. 

1902. Die Wlrkung dea Kaliuma auf das Pflanzenleben nach V^;etationaver- 
Buchen mit Kartoffeln, Tabak, Buchweizen, Senf, Zichorien und 
Hafer. Berlin, 106 pp., illua. (Arbeiten, Deutsche Landwirt- 

achafta-Geaellachaft, Heft 68) 39 

Wilms, Johann. 

1899. Einfluaa dea Waaaergehalta und NlUiratoffreichtuma dea Bodena auf die 
Lebenath&tigkeit und Auabildung der Kartoffelpflanze. Journal 

f ttr Landwirtachaft, Bd. 47, Heft 3, pp. 251-292, pla. 3-^ 15, 38 

Wimmer, G. 

1908. Nach welchen Geaetzen erfolgt die Kaliaufnahme der Pflanzen aus 
dem Boden? Bearbeitet von H. Wilfarth, W. KrOger, H. Roemer, 
G. Wimmer, G. Geiathoff, O. Ringleben, J. Storck. Berlin, 169 p. 
(Arbeiten, Deutache Landwirtachafta-Geaellachaft, Heft 143)... 16,46,66 

WOLLNY, EWALD. 

1877. Einfluaa der Pflanzendecke und der Beachattung auf den Waaaer> 
gehalt dee Bodena. In his Der Einfluaa der Pflanzendecke und 
Beachattung auf die phyaikaliachen Eigenechaften und die Frucht- 

barkeit dea Bodena. Berlin, pp. 105-135 73 

Woodward, John. 

1699. Some though ta and experimenta concerning vegetation. Philoeoph- 

ical Tranaactiona, [Royal Society, London], v. 21, no. 253, pp. 

193-227 11,54.72 

285 

o 



